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TO TBX WHOLE ASB ASDUt 
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RECOMMENDATIONS. 



HA VING penued, with some atteDtion, the foUomng 
Treatise on Sorrejii^, in Haouscrtpt, it appears to me to be 
estimable tor its simplicity aod perapicui^ ; and, by exclud- 
ing all matter but remotely coQoected with the main sabject, 
and reducing the Tables of Ln^arithms, of Logarithmic Sinei, 
Tangents and Secants, and «f Difference of Latitude and De- 
' parture, without impairing their use, in their appUcation to 
most cases which occur in common Surveying, and supplying 
any possible defect by a Table of Natural Sines, to comprise, 
in the limits of a pocket volume, whatever is most essential 
and most usefal in the Art, includiog the impertant modem 
improvement of Rectangulak Surteviho ; and outbe whole, 
particularly Trom the size of the volume, to be well adapted 
to general use. 

JOHN TREADWELL. 
Fabhinotok, Sept. SOtb, 1804. 
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IT- RECOMMENDATIONS. 

WE the niBKribcn have catefally persned a Treatise od 
Sarveyii^, prepared for the PreM by the Rer. Abel Flint of 
Hartfard ; and find it worthy of the public patronage. Erery 
thing not immediately oecesBary for the practical Surreyor 
has been excluded ; while it comprisea all whibh ie requisite 
m Field Surreyii^;, both on the old and new fHaa ; elncidated 
and explained with a degree of concieeneBs and perspicuity not 
asnatly to be found in Treatises on the same subject The 
Mathematical Tables are reduced to Isbb than half the size oc- 
cupied by others ; and any incoBveQience which might veault 
from such reduction, is obviated by the insertion of a Table 
of ^Natural Sines, not usually found in works of this nature. 
The Surveyor whoshalt own this will notbc under the neces- 
sity of porchaBing Gibbon, which is a niot;e expeneire work. 
- ASHER MILLER, Surveyor General. 
GEORGE GILLET, Deputy Surveyor 
for Tolland County. 

HiBDLETOwn, Oct. 3, 1804. 
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PREFACE. 

' The ibtiowing work is chiefly a compilation 
from other Books ; and but ver^ little new is ad- 
ded except a more full explanation, tbsn has yet 
been published, of RfictANCULAR Surveying, or 
the method of calculating the Area of Fields 
.ftrithmetically, without drawing a plot of them 
and measuring with a Scale and Dividers, as has 
been the common practice; and also a more 
particular explanation of the use of Natural Sines 
than is contained in most Mathematical Books. 

The Compiler has endeavoured to render this 
VroHc eo easy and intelligible that a Learner will 
require but little assistance from an Instructor, 
except with regard to the construction and use 
of Mathematical and Surveying instruments. Be- 
fore, however, he enters on the study of ttiis Book 
he must be well acquainted with common Arith- 
metic, with Decimal Fractions and the .Square 
Root; and be must also know the various char- 
acters or marks used in Arithmetic. 

A Surveyor will doubtless find many questions 
-•arise in the course of his practice, for the solu- 
tion of which no particular directions are here 
given; nor is it possible to give directions fopev- 
ery case that may occur. In all practical Sclen- 
ces much must be left to the judgment of ihe 
practitioner^ who, if he is welLacquainted with 
the general principles of his Art, will readily 
ieam to apply, those principles to particular ca- 
ses. , ' . 

The primary design of this treatise is to teach ~ 
common Field Surveying; at the same time it 
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contain^ tbe elements of Surveying upon a larger 
scale ; and the syetem of Geometry and Trigo- 
nometry with which it is introduced, with tbe 
Problems for tbe mensuration of Superficies, as 
also the Mathematical Tables at the end, will be 
found useful for many other purposes. It would 
be welt, therefore, for those who do not intend 
to become practical Surveyors to acquaint them- 
selves with what is here taught; and with this 
view the following work is. very proper to be in- 
troduced into Academics, and those higher 
Schools which are designed to fit young men for 
active business in life. Indeed every person who 
frequently buys and sells land should learn to 
'calculate the Contents of a field arithmetically ; 
a knowledge which may be acquired in a very 
little time, from the particular explanation here 
given of that method. 

Notwithstanding the many Books already pub- 
lished on the fiubjecta _here treated upon, it was 
thought a work of this kind was really wanted, 
'and that if judiciously executed it would be use- 
ful. It is more particularly necessary at the pres- 
ent time in Connecticut, as the Legislature of the 
State have l&tely enacted a Law on the subject 
of Surveying, in consequence of which more at- 
tention must be paid to the Theory of that Art 
than has been common. 

These considerations induced the Compiler to 
select from various publications what appeared 
to him important; and to arrange the whole in a 
method beat adapted, in bis view, for teaching 
that useful Art. How far be has succeeded in 
bis endeavours to simplify the -subject, and ren- 
der it easy to the Learner, must be submitted to 
the test of experience. 

Hartford, Con. October, 1804. 
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A GENERAL VIEW, OF THE CONTENTS OF THIS WORK. 

The System of Geometry is divided into two 
parts. The first contains Geometrical Defini- 
tions respecting Lines, Angles, Superficiee, &c. 
The second part contains a number of Geomet- 
rical Problems necessary for Trigonometry and 
Surveying. 

The System of Trigonometry is also divided 
into two parts: and teaches the solution of ques- 
i&ooB in Right and Oblique angled Trigonometry, 
by Logarithms and also by Natural Sines. 

The Treatise on Surveying is divided into 
three parts. Part first treats of measuring Land, - 
and is divided into three Sections. The first 
contains several Problems respecting Mensura- 
tion, and for finding the Area of various Right* 
lined Figures and Circles. 

The second Section teaches difilferent methods 
'of taking the Survey of fieldB ; also to protract 
them, and find their Area in the qianner com- 
monly practised, and likewise by Arithmetical 
and Trigonometrical calculatiooB, without meas- 
' uringpiagonals and Perpendiculars with a Scal^ 
and Dividers; interspersed with Bundry useful 
rules and directions. 

The third Section is a particular explanation 
and demonstration of Reelangiilar Surveyings or the 
method of computing the Area of fields Jrom the 
Field Notes, by Mathematical Tables, without 
the necessity of plotting the Field, To this Sec- 
tion is added a useful Problem for ascertaining 
the true Area of a Field which has been measured 
by a Chain too long or too short. 
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Part second treats of laying out Land in vari- 
ous shapes. 

Part third contains sundry ProbletDB and Rules 
for dividing Land and determining the true Course 
and Distance of dividing Lines, or from one part 
of a Field to another. To this is added an Ap- 
pendix concerning the Variation of the Compass 
and Attraction ofthe Needle; also, araleto6nd 
the diS*erence between the present Variation, and 
that at a time when a Tract was formerly sur- 
veyed, in order to trace or run out the .original 
lines. 

The Mathematical Tables* are A Traverse 
Table, or Table of Difference of Latitude and 
Departure, calculated for every Degree and 
quarter of a Degree, and for any distance up to 
50; a Table of Natural Sines calculated for eve* 

Z Minute; a Table of Logarithms comprised in 
ur pages, yet sufficiently extensive for common 
use ; and a Table of Logarithmic or Artificial 
Sines, Tangents and Secants, calculated for. eve- 
ry 5 Minutes of a Degree. To these Tables are 
prefixed particular explanations of the manner of 
using them. 
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GEOMETRY, 



GEOMETRY » ft Science which treats o( the pro- 
perties of Magnitude. 



PART I, 

Geometrital Dffinitums. 

1. A Point is a HmallDot; or. Mathematically con- 
sidered, is that which has no parts, heing of itself indi- 
visihie. 

2-. A Line hatf length bat no breadth. 

3. A Superficies or Surface, caltedalso Area, has length 
Itnd breadth, but do thickness. 

4. A Solid has length, breadth and thickness. 

5. A Right Line is the shortest that can be dtawn be- 
tween two .Points. 

6. The ipciinetion of two Lines meeting one another, 
or the opening between them, is called an Angle. Thus 
at B. nATB I. Figure l.'isan Angle, ibrmed by the . 
meeting of the Liuea AB and BC. 

7. ifa right Line CD. /'i^. 3. fall upon another Right 
Line AB, so as to incline to neither side, but make th^ 
Angles on each side equal, then those Angles are called 
Right Angles ; and the Line CD is said to be Perpendic- 
ular to the other Line. 

8. An Obtuse Angle is greater Aao a Right Angle'; 
M ADE. Fig, 3. , 
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9. An Acute Angle is leas than a Right Angle ; at 
EDB. Fig. 3. 

Jiflte. When three letters are used io expresis an Angle, 
the middle letter denotes the angular Poiot. 

10. A Circle is' a roun^ Figure, bounded by a Line 
equally distent from some Point, which is called the Cen- 
tre. F^. 4. 

11. The Ci re umfr fence or Periphery of a Circle is the 
bonndiig Line ; as ADEB. Fig. 4. 

12. The Radius of a Circle is a Line diawn from the 
Centre to the Circumference ; as CB. Fi^. 4. There- 
fore all Radii of the same Cirrle are equal. 

13. The Diameter of a Circle is a Right Line drawn 
from one side of the Circumference to the oiher, passing 
through the Centre ; and it divides the Circle into two 
equal parts, called Semicircles ; as AB or DE. Fig 5. 

14. The Circumference of every Circle is supposed 
to be divided into 360 ^qual parts, called Di^grees ; and 
each Degree into 60 equal parts, called Minutes ; and 
each Minute inio CO equal parts, called Seconds ; and 
these into Thirds, Szc. 

^ote. Since all Circles are divided into the same num- 
ber of Degrees, a Degree is Aot to be accounted a 
quantity of any determinate lenglh, as so many inch- 
es or Feet, &c. (lut is always to be reckoped as being 
the seoth part of the Circumference of any Circle, 
without regarding the bigness of the Circle. 

15. An Arch or Arc of aCircle is any part of the Cir- 
cumference ; as BF or FD. Fig, 5 ; and is said (o be an 
Afch of so many Degrees as it contains parts of 360 into 
which the whole Circle is divided. 

16. A Chord is a Right Line drawn from one end of an 
Arch to the other, and is the measure of the Arch ; as 
HG is the Chord of the Arch HIG. Fig. 6. 

J^ote. The Chord of an Arch of 60 degrees is equal in 
length to the Radius of the Circle of whicl^ the Arch 
is a part. 
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GEOMETRY. II 

17. The Seggient of a Circle ig a part of a Circle, cut 
ofiTby a Chord ; thus the space compriiheDded between 
the Arch HIG aud the Chord HG is called a Segment. 
Fig. 6. 

18. A Quadrant is one quarter of a Circle ; as ACB. 
Fig. 6. 

19. A Sector of a Circle is a space contained between 
two Radii and an Arch lesB than a Semicircle ; as BCD 
or ACD. Fig, 6. 

30. The Sine of an Arch is a Line drawn from one 
end of the Arch, perpendicular to the Radius or Diam- 
eter drawn through the other end : Or, it is half the 
Chord of double the Arch ; tbue HL is the Sine of the 
ArchiiB,Fig.-7. 

31. The Sines on Ihe same Diameter increase in 
length till they cone to the Centre, and so beconie the 
Radius. Hence it w plain that the Radius CD Fig. 7. is 
the greatest possible Sine, or Sine of 90 Degrees. 

ae. The Versed Sine of an Arch is that part of the Di- 
ameter or Radios which is between the Sine and the Cir- 
cumference; thus LB is the Versed Sine of the Arch HB. 
Fig. 7. 

23. The Tangent of an Arch is a Right Line touching 
the Circumferetice, and drawn perpendicular to the Di- 
ameter i and'is terminated by a Line drawn froin the 
Centre through the other end of the Arch ; thus BK ii 
tlie.Tangent of the Arch BH. Fig. 7. 

JVo(e. The Tangent of an Archof 45 Degrees Is equal 
in length ta the Radius of the Circle of which (he 
Arch i» a part. 

24. The Secant of an Arch is a Line drawn from the 
Ceatrpthrougli one endof (he ArchliH it meets the Tan- 
gent ; thns CK is the Secant of the Arch BH. Fig. 7. 

35. The Complement of an Arch is what the Arch 
wants of 90 Degrees, or a Qnadrant ; thus HD is the 
Complement ofthe Arch.BH. Fig. 7. 

SO. The Supplement of an Arch is what (he Arch 
wants of 180 Degrees, or a Semicircle ; thus ADH is the 
Supplement ofthe Arch BH. Fig. 7. 
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It OEOUETRV. 

37. Tbe Sioe, Tangent or Secant of the Complement 
ofany Arch is called the Co-Sine, Co- Tangent or Co-Se- 
cant of the Arch ; thus PH is the Sine, Di the Tangent 
and CI the Secant of the Arch DH ; or the; are the Co- 
Sioe, Co-Tangent and Co-Secant of the Arch BH. Fig, 7. 

38. The measure of an Angle is tbe Arch of a Circle 
contained between the two Lines which form the Angle, 
the angular Point being the Centre ; thus the Angle HCB* 
Fig- 7. is measured by the Arch BH c and is said to con- 
tain 00 many Degrees as the Arch does. 

Note, Ad Angle is esleemed greater or less accordii^ 
to the opening of (be Lines which form it, or as the 
Arch intercepted by those Lui^s contains more or 
fewer Degrees. Hence it may be observed, that 
' the bigness of an Angle does not degiend at all upon 
the length of the including Lines ; for all Arcbea 
described on the same Point, and intercepted by the 
same Right Lines, contain exactly the same num- 
ber of Degrees, whether the Radius be longer or 
shorter. 

39. The Sine, Tangent or Secant of en Arch is also 
the Sine, Tangent or Secant of the Angle whose measure 
tbe Arch is. 

SO. Parallel Lines are such as-are equally distant from 
each other ; as AB and CD. Fig. 8. 

31. A Triangle is^a Figure bounded by three Lines ; 
as ABC. Fig. 9. 

32. Ad Elquilateral Triangle bas its three, sides equal 
in length to each other. /^tg. 9. , ' 

33. An Isocles Triangle has two of its sides equal, and 
tbe other longer or shorter. Fi^. 10. 

34. A Scalene Triangle bas. three unequal Sides. 
Fig. 11. 

35. A Right Angled Triangle bas one Bight Angle. 
Fig. 12. 

36. Ad Obtuse Angled Triangle bas one Obtuse Angle. 
Fig. 13. 

37. An Acute Angled Triangle . bas all its Angles 
Acute. Fig. 9, or 10. 



bf Google 



OEOMETRV. 13 

38. Acute and Obtme Angled Triangles are cvlled 
Oblique Angled Triangles, or simply Oblique Triangles ; 
in vbicb the bottom Side is generally called Ibe Base and 
the otiier two, Legs. 

39. In a Right Angled Triangle the longest Side if 
called the Uypotbenuse, and the otber two, Lege, or Base 
and Perpendicular. 

jVofe. The three Angles of every Triangle being ad- 
ded together will atj)9UDt to ISO Degrees; conse- 
qnently the two Acute Angles of a Right Angled 
Triangle^ amount to 90 Degrees, the Right Angle 
being also 90. 

40. The ^erpendicnlar height of a Triangle is a Line 
drawn from one of the Angles to its opposite Side ; thus 
the dotted Line AD. F^. 1 4. is the perpefa^cnlar beigh| 
ofihe Triangle ABC. 

Jioie. This Peipendicular may be drawn from either 
«f the Angles ; and whether it falls within the Tri- 
angle, or on one of the Lines conlinued beyond th« 
Triangle, is immaterial. 

41. A Square is a Figure bounded by four equal Sides, 
and containing four Right Angles. Fig. 15. 

4S. A ParaTlelogram, or Oblong Square, is a Figure 
bounded by four Sides, the opposite ones being equal and 
the Angles Right. Fig. TG. 

43. A Rhombus is a Figure bounded by fotir eqnal 
Sides, but has its Angles Oblique. Fig,_ 17. 

44. A Rhomboides is a Figure bounded by four Sides, 
fiie opposite ones being equal, but the Angles Oblique. 
Fig. 18. 

45. The perpendicular .height *of a 'RhoOibus or 
Rhomboides is a Line' drawn from one of the Angles to 
its opposite Side ; thus Ibe dotted Lines AB. Fig. 17. 
and Fig, 18. represent the perpendicular height of the 
Rhombus and Rhomboides. 

46. A Trapezoid is a Figure bounded by four Sides, 
two of which are parallel though of une<|ual lengths. Fig. ■ 
19* and Fig. 20. 

^ote. Fig. 19. is sometime called a Right Aisled 
Trapezium. . 
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14 OEOBfETRY. 

47. A Trapexiam is a figure bounded by four aoeqaal 
Sides. Fig.^l. 

' 48. A Diagonal 19 a Line drawn between two opposite 
Angles ; as the Line AB. Fig. 31. 

49. Figures which consiit of more than four Sides are 
called FolygODS ; if the sides are equal to each other 
tbey are called regolar Polygons, and are sometiaiea 
named from the number of Iheir sides, as Pentagon, or 
Hexagon, a Figure of five or six Sides, &c ; if the Sides 
are unequal tbey are called irregular Polygons. 



Geomitrical Prohlems. 

PROBLEM I. To draw a Line parallel to another 
Lane at any givm distanca ; as at the Point D, to make a 
Lme',j>aralUtlo tht Line AB, Plate 1 . Fig. 22. 

With the Dividers take the nearest distance between 
the Point D and the given Line AB ; with that distance 
set one foot of the Dividers any wherR on the Line AB, 
as at E; and draw the Arch C ; through the Point D 
draw a Line so as just to touch the top of the Arch C. 

A more convenient way to draw parallel Lines is with 
a parallel Rule. 

PROBLEM II. To bitect a given Lint } or to find tht 
middle of it. Fig. 23. 

Open the Dividers to any convenient distance, more 
than half the given Line AB, and with one foot in A 
describe an Arch above and below the Line, as at C 
and D ; with the same dislance, and one foot in B des- 
cribe Arches to cross the former ; lay a Rule from C to 
' D, and where the Role crosses the Line, as at E, will )>e 
the middle. 
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mOBLEM \U. To erect a Perpendicuhr from tkt 
end, or any part of a given Line. Fig. 34. 

Open tbe Diriden to an; conveoient digUDC«, its 
from D to A, aDd with one foot on tbe Point D, from 
wtttcb tbe Perpendicular is to be erected, describe an 
Arcb, as AEG ; set off tbe same distance from A to £ 
and from E to G ; apon E and G deecribe two Arches to 
intersect each other at H ; draw a Line from H to D, and 
one Line will be perpendicular to the other. 

^ote. There are other methods of erecting a Ferpeo- 
dicalar, bat Ibis is the moBt simple. 

PROBLEM IV. From a given Point, as at C, to drop 
a Perpendicular on a given Line JIB. Fig. 25. 

With one foot of the Dividers in C describe an Arch to 
cot tbe given Line in two places, as at F and G ; upon 
F and G describe two Arches to intersect each other 
below the Line as at D ; lay a Rule from C to D and 
draw a Line from C to the giren Line. 

Perpendicalara maj be more readily raised sod let 
&II) by a small Square made of Brass, Ivory or Wood. 

PROBLEM V. To make an Angle at E, equal lo a 
given Angle ABC. Fig. 26. 

' Open tiie Dividers to any convenient distance, and 
with one foot in B describe the Arch FG ; with the same 
distance and one foot in £, describe an Arch from H ; 
measure the Arch FG, and lay off the same distance od 
tbe Arch from H to 1 ; draw 'a Line through I to E, and 
the Angles will be equal. 

PROBLEM VI. To make an Acute Angle equal to a 
given number of Degrees, stippose 3S. Fig, 37. 

Draw the Line AB to any convenient length ; from a 
Scale of Chords take 60 Degrees with the Dividers, and 
with one foot in. B describe an Arch from tbe Line AB ; 
from tbe same Scale take tbe given number of Degrees, 
'36, and lay it on the Arch from C to D ; draw a line from 
B through D, and the Angle at B will be an Angle of 3C 
Degrees. 
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1« GEOMETRir. 

' PROBLEM VH. To make an Ohhue Angle, sitppote 
if no Degrees^ Fig. 28. 

Take's Chord of eO-Gegreea as before, and describe 
■Q Arch greater than a Quadraot ; set off 90 Degrees 
from B to C, and from C to E set off* the exceu above 
90, nhich is 20 ; draw a Lice from G tbroogb £ and the 
Angle will coataiH 1 1 Degrees. 

JifoU. lo a aimilar manner Angles may be measured ; 
that is, with a Chord of 60 Degrees describe an 
Arch OD the angular Point, and on a Scale of Chords 
measure the Arch intercepted by Uie Lines fonning 
the angle. 

A more convenient method of making and measuring 
Ai^es is to use a Protractor instead of a Scale and 
Dividers. 

PROBLEM Vlir. To make a Triangle of three given 
Lii^s, at BO, BL, LO. Fig. 39. 

Draw the Line BL from B to L ; from B, with the 
length of the Line BO, describe an Arch as at O ; from . 
L, with the lepglh of the Line LO, describe another 
Arch to intereect the formei* ; from O draw the Lines 
OB and OL, and BOL will be tfae Triangle required. 

PROBLEM IX. To taake a Right Angled Triangle^ 
the Hgpothenoae and Angles being given. Fig. 30. 

Suppose the Hjpotheause CA S5 Rods or Chains, 
the angle at C 35o 30' and consequently the Angle at A 
5V 30'. See ^ole after the 39fA Geometrical Defini- 
tion, 

Jfote. When Degrees and Minutes are expressed, they 
are distinguished from each other by a small Cypher 
at the right hand of the Degrees, and a Dash at the 
right hand of the Minutes ; thus 35° 30' is 3fi De- 
grees and 30 Minutes. 

Draw the Line CB an indefinite length; at C make 
an Angle of Sfi" 30' ; through where that number of 
Degrees cuts the Arch draw the Line CA 35 Rods, 
which must be taken from some Scale of equal parts i 
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drop ft PsrpMidkilir from A to B, Uii tbe Trianglfl will 
be completed. 

Jfote. The length of the two Legs me; be found b^ 
meaeariog them upoa the same scale of equal parti 
from which the Hjrpotbenuse was taken. 

PROBLEM X. To make a Right Angltd Triangle, 
the Angltt and one Leg heit^ given. Fig, 31. 

Sappose tbe Angle at C 33« 15', and tbe Leg AC 3B5. 

Draw the Leg AC making it in length S86 ; at A erect 
a Perpendicular an indefinite length ; at C make an An- 
gle of S3* IS' ; tbrou|h. where that number of Degrees 
cuts the Arch draw a Line till it meets the Perpendicn- 
lar at B. 

J^Qte. If the given Line CA should not be so long at 
tbe Chord of 60*, it maj be continued beyond A, 
for the purpose of making tbe Angle. 

PROBLEM Xt. To make a Right Angled Triangle^ 
the Hjfpothtnutt and one Leg being given. Fi^. 33. 

Suppose tfie HTpotbeoule AC 40, and the Leg AS 
28. 

Draw tbe beg AB in length 98 ; ftvm B eiect a Per- 
pendkular an indefinite length ; take 40 in the DiHden, 
and setting one foot in A, wherever the olbar foot stTikes 
the Perpendicular will be the Point C. , - ' 

J/oie. When the Trtang|,e is coostnicted Ibe Angles 
maj be measured bj a Protractor, or b; a Scale of 
Chords. 

PROBLEM XII. To make a Right Angled Trianglt, 
the tao Legs being given. Fig, 33. 

Suppose tbe Leg AB 38, and the L^ BC 46. 

Draw the Leg AB in length 38 ; from B erect a Per- 
pendicular to Cf in length 46 ; and draw a Line from A 
to C. 

PROBLEM Xlll. To make an OUiqw AngUd Tri- 
angle, the Mnglts and one Side being given. Fig. 34. 
C 
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Suppose the wie BC 98; the Angle af B 45° Ifi'^Ae 
Angle at D 108<> 30', coDseqaently the other Angle 2£* 
1*'. ■ ' 

Draw the side BC in leogfh 98 ; on the Point B make 
-an Angle of 45° 15'; on tBe Point Cmake an Angle of 
^6° 15', and draw the Lines BD^dCD. 

PROBLEM XIV. To make on Ofi%u« AngUd Tti- 
angle, two Sidet and an Angle oppoaite to one of them bf 
ing given. Fig. 35. 

Suppose the Side BC 1£0, the Side BD 79, and the 
Angle at C 39° 9'. 

Draw the Side BC in leagft 160; at C make an An* 
gle of 29° 9', and draw as indefinite Line through where 
5ie Degrees cut the Arch; take 79 in the Dividers, and 
wiifa one foot in B la; the other on the Line CD ; the 
point D will be the other Angle of the Triangle. 

PROBLEM XV. To make an ObliqM Anghd Tri- 
angle, two Sidet and their contained Angle being given. 
Fig. 36. - . 

Suppose the Side BC 109, the Side BD 76, and the 
Angle at B 101° 30'. 

Draw the Side BC in length 1 09 ; at B inake an An- 
gle of t01°30', and draw the SideBD in length 76; 
draw a Line from D to C and it is done. 

PBOBLEM XVL To make a Square. Plate IL 
Fig. 37.' 

Draw the Line AB the length of the proposed Square ; 
from B erect a Perpendicular to C and make it of the 
•ame length as AB ; from A and C, with the same dis- 
tance in the Dividers, describe Arches intersecting each 
other at D, and draw the Lines AD and DC. 

PROBLEM XVn. To make a Parallelogram. 
Fig. 38. 

Draw the Line AB equal to the longest side of the 

Parallelogram ; on B erect a Perpebdicular the length 

of the shortest side to C ; from G, with the longest Side, 

, and bom A, with the sbotteat Side, describe Arches io- 
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tentctiog-each other at D, and draw the Lines AD and 
CD. 

PROBLEM XVIII. To ittcribt a Circle which shall 
pass through amf three givm Pointi, not tyiTtg m a Jtight 
Line, as A, B, D. Fig. 43. 

Draw Lines from A to B and from B to D ; bisect those 
Lioea by Pkoblbm II. and the Point where the bisecting 
Lines intersect each other, as at C, will be the Centre of 
the Circle. 

PROBLEM XlX. To find the centre of a Circle. 

By the last Problek it ia plain, that if three Points be 
any where taken in the given Circle's Periphery, the 
Centre of the Circle may be found as there taught. , 

X>irection8 for constructing irregnlar Figures of tbnr 
or more sides may be found in the following Treatise on 

SuRVeTIKO. 
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TRIGONOMETRY. 



TRIGONOMETRY is ttiat part of practical Gtm- 
TRV by which (be Sides and Anglds of Trienglee are 
measured ; wbereb; tiiree things beiog given, either all 
Sidei or Sidei and Angles, a fonrthjnay be foand ; either 
by measuring with a Scale and Dividers, according to 
the Pkoblehb in Gxohetkt, or more accurately by cal- 
eolation with Logarithms, or with Natural Sines. 

TRMONOHETttr is divided into two Parts, Rectangular 
and Oblique-angular. 

PART 1. 

REbTAN6ULAR TRIOONOHETRY. 

This is founded on the following methods of applying a 
Triangle to a Circle. 

PROPOSITION I" Id every Right Angled Triangle, 
as ABC, Plate 11. Figurt 44, it is plain from Platk 1. 
Fig. 7. compared with the Geometrical Definitions to 
which that Ftgurt refers, that if (be Hypothenuse AC be 
made Radius, and with it an Arch of a Circle be describ- 
ed from each end, BC will be (he Sine of the An^e at A, 
and AB the Sine of the Angle at C ; that is, the Legs 
will be Sines of their opposite Angles. 

PROPOSITION II. If one Leg. AB, Fig. 45, be 
made Radius, and with it on the Point A an Arch be de- 
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scribed, then BC, the other Leg, wil] be the Tangent 
and AC the Secant of the Angle kt A ; and if BC be 
made Radius, and an Arch be described with it on tb« 
Point C, then Ah will be the Tangent and AC! the Secant 
of tbe Angle at C ; that is. if one Leg be made Radin 
the other Leg will be a Tangent of its opposite Angle* 
aod the Hypothenuse a Secant of the same Angle. 

Thus, as difiereat Sides are inade Radius, the other 
Sides acquire different names, which are either SJnea, 
Tangents or Secants. 

- As the Sides and Angles of Triangles bear a certain 
propertion to each other, two sides and one Angle, or one 
Side aod two Angles being given, the other Sides or 
Angles may be found by instituting Proportions^ according 
to the following Rules. 

Rule T. To find a Side nther of the Sides may be 
made Radius, then institute the following Proportion : 
As the name of the Side given, which will be either 

lUdias, Sine, Tangent or Secant ; 
Is to the length ofthe Side ^ven ; 
So is the name ofthe Side required, which also will be - 

either Radios, Sine, Tangent or Secant ; 
To the length of the Side required. 

Rbls II. To find an Angle one of the given Sides most 
be made Radiss, then institute the following Propori 
6oQ ; 

As the length of tbe given side made Radius ; 

la to its name, that is Radius ; 
" So i« thelength of tbe other ^vea Side ; 

To its name, .which will be either Sine, Tai^nt or 
Secant. 

Having instituted the ProportioB> look .Itie correspen-. 
ding Logarilbins, in the Logarithms for numbers for the 
length ofthe Sides, aed in the Table of Artifiolal Sines, 
Tangents and Secants, for the Logarithmic Sine, Tangent 
orSecanf. 

Having fonnd the Logarithms of the three given 
Terms, add blether the Log. of the second and Aird 
Terms, and from tiieir Sam subtract tbe Log. of Ac 
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fintTerm, the RtmaiDder^ill be the Log. of the fotirth 
Term, which seek in the Tables and find ita correspon- 
ding Number or Degrees and MiouteB. ' 

See tiu Introduction to the Table of Logarithina ; 
which should be attentively studied b; the Learner be- 
fore he proceed* Any further. 

Jfote. The Logarithm for Radius ii always 10, Which 
IB the Logarithmic Sine of 90°, and the Lc^aritbmic 
Tangent of 450. 

The preceding Phopositiohs and Rules being dnlj' 
attended to, the solution of the following Cases of Rtc- 
languiar Xrigotiometrj/ will be easy. 



CASE I. 

The Angles tmd Hyp«thmuie ^«m io find tht Legs. 
Fig. 39. ■ 

In the Triangle ABC, given the Hypotbennae AC 
35 Rods or Chains ; the An^e at A 35° 30' : and conse- 
qnently the Angle at C &4' 30' : to find the Legs. 

Making the Hypotbenuse Radius, the Proportions will 
be: - . 

7\ijSnif Ou Ltg AB. 
A) Radius - - 10.00000 
: Hyp. AC, as * - 1.39794 
::KbbACB,5*'30' 9.91069 



To.fi«attuLte 


BC. 


A> Radiiu - ■ 


10.00000 


l:^CAB,3S''30'' 


1.39794 


S.7S395 








11.16189 




10.00000 






: Leg BC, 14.63 


Linos 



:LegAB,20.35 

Xote. When the first Term ia Radios, it may be Sub- 
tracted by cancelling the first figure of the Stim of 
the other two Terms. 

Making-the Leg AB Radius, the ProporUons will be : 



Tojind the Leg AB. 
As Secant CAB, 35° 30* 
: Hyp. AC, 25 
: ; Radius . 
; Leg AB, 20. 35 



To fnd the Leg BC. 
As Secant CAB, 35- 30' 
Hyp. AC, 25 
: Tangent, CAB, 35o 30' 
LegBC, 14.53 
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^kiDg the Leg BC Radius, the Proportioat will 
be: 

Tojind thtUg AB. I Tcfindtkt LtgVC. 

As Secant ABC, 54" 30' As Secant ACB, &4* SO' 

Hyp. AC, 35 : Hyp. AC, 35 

: Tangent ACB, 54o 30' : : Radtm 

Leg AB, 30.35 \ : Leg. BC, I4.&S 

The Logarithms of the four last Proportions being 
looked out, and added and subtiacted according to the 
Rale, the result *i)l be found to be the same as the two 
fint Proportions. 



By }iattmtl Situs. 

This Case may be solved' by Nataraf Sines,* accord- 
ing to the following Proportions : - • 

As Unit; or 1 ; Is to the length of the HypolhenuBe; 
So is the Natural Sine of the smalleit Ahgle ; To the 
length of the shortest Leg. Or, So is the Natural Sine 
of the largest Angle; To the length of the longest 

' Or, which is the same thing, Multiply the Natural 
Sines of the two Angles by the Hypothenuse, (he Pro- 
dacts will be the length of the two Legs. 

EXAMPI^E. 

. Nat. Sine of 35« 30' Nat. Sine of 5i' 30' 

0.58070 - 0.8I4I3 



Hyp, 25 Hyp. 



290350 407060 

' 116140 163834 



Leg EC 14.52 LegAB20.35 

*See the IntrodactioD (o tiie Table of Nktoral Sines- 
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^ol«. The third Dflcimal figure in the fint Prodaet 
being 7, the precediog figure any be called* one 
more than it is, viz. 3. And whenever io any 
Prodnet, kc. there are more places of DecimaJii 
than you wiih to troric with, if the one at the 
Right Hand of the tast which yon wish to retain 
is more Uian 5, add a Unit to the last ; because » 
greater Dumber than 5 is more than half. 

As the Table of Artificial or Logarithmic Sines, Tan- 
gents and Secants, contained in this Book, is calCaUted 
only for every 5Minatesofa Degree, whenever any Qucf- 
tioQ is to be solved where the Minutes cannot be found ia 
that Table;; or where the length of the Hypotbennse is such 
a number as cannot be found in the Table of Logaritbma 
tor Numbers, the Question may be solved by Natural 
Bines as above tau^t. 



CASE II. 

The Angles and otu Leg givtn, to find the Hj/fotkenuse 
and the ofher^Lti. Fig. 40. 

In the Triaugle ABC, given the Leg AB 335, the An- 
gle at A 33° 15' and the Angle at C 56° 45'; to find the 
Hypolhenuse and the Leg BC. 

Making the given Leg Radius, the Proportiooa trill 
be: 



T^Jind the UypotKaaue 
AiRadiui, 10.00000 

:LesAB,325 S.StlSB 

; ! Sec. CAB, 33» 1S» 10.07765 

: Hyp. 3S8.S 12.58953 



To find the Leg BC. 

As Rediui, 10.00000 

;LesAB, 325 3.51188 

: : Tui. CAB, 33> IS' 9.81666 

:LegBC,ai3.1 1S.39854 



. Jifote. Reject the first ^ure, which is the same as sub- 
tracting Radius, and seek the numbers correspon- 
ding to the other figures- 
Making the Leg BC Radius, the Proportions will be i 



ToJtJtd the Hypothetu 
As Tang. ACB, 56o 45' 
Leg AB, 325 
: Sect. ACB. 660 45' 
Hyp. 388,6 



To find the Leg BC. 
As Tang. ACB, 560 45' 
: Leg AB, 325 
: : Radius 
: LegBC, 313. 1 
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Making the HjpoAennse EUdiis, Uie Propwtionc 
will be : 



To find the Hypothmwe. 
At Sine BGA, 56*45' 
: Leg AB, 325 
: :' Radius 
: Hyp. 388.6 



' To find (Ac Leg BC. 
As Sin« EGA, Sf W 
: Leg AB, 335 
: : Sine BAC^aS" 15' 

Leg BC, 313.1 



Ji'ote. If tbe beg BC had been given, instead of tb« 
Leg AB, tbe Proportion; would bare been tbe same 
mutatis nuttimdis, _ , 



By Katurat Sines, 

To solve this Case b^ Natural Sines, institute the folr 
iowiDg Proportio&E t 

To find the Hmothenuse. As tbe Natanil Sine of the 
Angle opposite tbe given Leg ; Is to tbe length of tbe " 
Leg ; So is Unity or 1 } To the Length of the Hj'poth- 
eouse. ' 

Or, wbicb is the same thing, Divide the given Leg by 
the Natural Sine of its opposite Angle, and the Quotient 
will be the Hypothenose. 

To find the other Leg. Ag the Natural Sine of tbe An- 
gle opposite the given Leg ; Is to the length of the given 
Le^; Se is tbe jfatnral Sine of the Angle .opposite -the 
ntherLeg; To the length of tb* other Leg. 

Example. 

Given Leg 325. Nat. Sine of 56* 45', tbe Angle op- 
posite tbe given Leg 0.83629. Nat. Sine of33"15',the 
Angle opposite tbe other Leg 0.948^. 

As 0.83623 : 325 : : 1 : 388.6 

As 0.83629 : 3S5 : : 0.54829 : 213.07 



The Htfpothetatse and one Leg given, tojindthejinghi 
and the other Leg. Fig. 41. . 
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tn the Triangle ABC, given the Hypothenuse AC 
50 and the Leg AB 40 ; to find the Aqgles and Leg 
BC. 

Making the HypotbenaHe Radius, the Proportion to 
find the Angle ACB will be : 

As Hvp. 50 - ' 1.69897 

; Radius - • 10.00000 

;:LegAB, 40 • .1.^0306 



: Sine ACB, 53* 10' 9.90309 



The Angle ACB being 53" 10' the other is consequettt- 
Ijf 36" 50' 

Making the Leg AB Radius, the Angle BAC may be 
found by the folloning Proportion : 

AsLegAB, 40 • 1.60306 

: Radius • 10.00000 

::Hyp. 50 - 1.69897 

n. 69897 
1.60306 



: Sec. BAC, 36" 60' 10.09691 
The Angles being found, the Leg BC may be found by 
cither of the preceding Cases. It is 30. 



St/ Jfatural Sints. 

The Angle opposite the given Leg may be found by 
the folloning Proportion : 

As the Hypothenuse ; Is to Unity or 1 ; So is the 
givea leg ; To the Nat. Sine of its opposite Angle. 

Or, wbicb is the same thing, Divide the given Leg by 
the Hypothenuse, and the Quotient will be the Nat. 
Sine. 
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EXAHFLE. 

The Leg AB 40 divided by the Uypothenuse 50 
quotes O.8O00O which looked in the Table of Nat. 
Sioes, the nearest coirespoDdiog number of Degrees 
and MinuteB will be found to be 53o 8', the Angle AC6. 

J^ote. The reasoD why the Angle as "found by Nat. 
Sines differi 3 Minutes from the Angle as found by 
Logarithma, is that the Table of Logarithmic Sines, 
&c. contained in this Book, is calculated only for 
every S Minutes. By a Table of Logarithmic Sinee, 
&c. calculated for every Minute, the Angle will be 
found the s»me. 



By tht Square Root, 

la this Cask the reooired .Leg may be found by the 
Squar6 Root, without Findiog the Angles ; accordiog to 
the following Proposition : 

In every Right Angled Triangle, the Square of the 
Hypotheouse is equal to the Sum of the Squares of the 
two Legs. Hence, 

The Square of the given Leg being subtracted from 
Uie Square of the Hypolhenuae, the Remainderwill.be 
theSquare of the required Leg. 

As in the preceding Ekamfle ; The Square of the Leg 
AB 40 is 1600 ; this subtracted from the Square of the 
Hypothenuse £0 which is 2500, leaves 900, the Square 
of the Leg BC, the Square Hoot of which is 30, the length, 
of Leg EC as found by Logarithms. 



CASE rv. 

Tht Legs given to find tht Angles and Hypoihenme. 
Fig. 42. 

In the Triangle ABC,^ven the Leg AB 78.7 and 
the Leg BC 89 -, to find the Angles and Hypotbenuse. 
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Msking the Leg AB KadiuB, the FroportioD to fiod the 
Angle BAG will tw : 

A«LegAB, ?8.7 1.89597 

: Radios - 10.00000 . 

:: Leg EC, 89 - 1.94959 



1 T.-94939 
1.89597 



: TaDg. BAG, 48' 30' 10.05342 



The Angle ACB is consequentl; 41" 30'. 

Making the Leg BG Radius, the Proportion to find 
the Angle BGA will be the same as the above, mnlatu 
mutandis. 

The Angles being found, the Hypothennse may he 
found by Case II. It is nearest 119. 



Sif the Squart Soot, 

Id this Case the Hypotheouse mar be found by the 
Square Root, without nndiog (he Angles ; according to 
Uie following Proposition. 

Id every Right Angled Triangle, the Sam of the 
Squares of the two Legs is equal to the Square of the 
Hypotheouse. 

Id the above Exahplb, the Square of AB ?&.7 is 
6193.69, the Square ofBC 89 is 7921 ; these added 
ma^e 14I]4.C9 the Square Root of which is nearest 
119. 



Btf Jfdtwral Sines, 

The Hypothenase being foued by the Square Root, 
the Angles may he found,by Nat, Sioes, according to the 
preceding Cask. 
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Hjf. L«g.BC. N*t.SiBe 

119) '89. 00000(74789 

S3 3 

^70 The neareit degrees and MiDuleg 

476 CDrrespoQdiog to the above Nat. 

—^ Sine are48<' 24', Tor the Angle BAC. 

940 The differeDce between thisafid (he 

833 Aogle as found by Logaritbms ia 

■ occasioned by dividing by 11 9, which < 

1070 ia not the exact length o( tb^ Hy- 

953' pothenue, it being a Fraction tcto 

macb. 

1I8Q 

1071 



Oblique Trisonometri*. 

Tbe solution of the two first Cases of Oblique Trigo- 
mmetty depends on tbe following Pr«position. 

In all Plane Trian^es, the Sides are in proportion to- 
each other as the Sines of their opposite Angles. That 
is. As tbe Sine of one Angle ; Is to Its opposite Side ;. ■ 
So is* (he Sine of another Angle ; Id its opposite Side. 
Or, As ona Side ; Is to the Sine of its opposite Angle } 
So is another Side ; To the Sine of its opposite Angle. 

Kote. When an'Angle exceeds 90" make nseofits 
Supplement, whichis what it wants of 180°. As the 
Sine of 90° is the greatest possible Sine, the Sine of 
any number of Degrees will be as much less as that 
number of Degrees exceeds -90 ; and will be tbe 
same as the Sine of the Supplement of that number 
of Degrees : Thus tbe Sine of lOOo is the same as 
the Sin« of 80°, and the Sine of 1 30o the same as tbe 
Sine of SO", &c. 
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The AngUs and one aide given, lofind the other Sidei. 
Pi.iTw.U.Figare47. 

Id the Triangle ABC, given the Angle at B 48<>, the 
Angle at C 1^', consequently the Angle at A 60*, and 
the Side AB 300 ; to find (he Sides AC aod £C. 



Thjmd the Side AC. 
Ai Siiw ACB, 720 9.9TG21 

:SideA6,S0O - - 3.30103 
! : Sine ABC, 48» 9.8710T 



Tafind the Side BC. 
Ai Siae ACB, T2<> 9.97821 

: Side AB, 300 - 3.30103 

: : Sine BAC, 60° 9.93753 



B^ N^atUTal Sines. 

As the Kat. Sine of the Angle opposite the given Side ; 
Is to the given Side ; So is the Nat. Sine of the Angle 
opposite either of the required Sides ; To that requited 
Side. 

Given Side 300 ; NatSine of 73", its opposite Angle, 
a951 1 5 ; Nat. Sine of ABC 48", 0.74334 ; Nat. Sine of 
BAC 60», 0.86617. 

As0.951I5:200: : 0.74334 : 156 
■AsO.951I5:20O: : 0.8G617: 182, 



CASE If. 

Two Sides and an Angle opposite to one of them given, 
to find the other Angles and Sidei Fig.AS. 

In the Triangle ABC, given the Side AB 240, the Side 
BC 300, and the Angle at A 46° 30' ; to &id the other 
Angles and the Side AC. 
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__ „_ 46o30> 

9.86056 C 60 30 
: : Side AB, 340 2.38031 

107.00 

12.34077 — 

S.30103 Sam of the tfacee Angle! 1S0> 

SmnDftwo ... 107 

-. Sine AC6, G0> 30' 9.63074 

Angle, at B - - . 73 

•The Side XC will be foand by Cask ). to be oeareat 
353. 

J>fote, If the given Angle be Obtuse the Angle sought 
will be Acute ; but if the given Angle be Acute, and 
opposite a given lesser Side, then the Angle found 
by the operation duj be either Obtuse or Acute. 
It ought therefore to be mentioDed -which it is, by 
thu cooditioos of the question. 



£y Jfatural Sints. 

As the Side opposite the giren Angle ; Is to (he Nat. 
Sine of that Angle ; So is the other given Side ; To the 
Nat. Sine of its opposite Angle. 

One given Side 200 ; Nat, Sine of iS" 30', its opposite 
Angle, 0.73537 ; the other given Side 240. 

As 200 : 072557 : : 240 : 0.87044=60» 30'. 



CASE III. 

Tjoo Sides and ihar contained Angle giten, lofind the 
Bther Angles and Side. Fig. 49. 

The solatioD of this Case depends on the following 

PeOPOSITIOK. 

In every Plane Triangle, As the Sum of any two 
Sides ; Is to their Difference ; So is the Tangent of 
half the Sum of tbe two opposite Angles ; To tba Tan- 
gent of half the Difference between them. Add this half 
difference to half the Sum of the Angles-and you will 
have the greater Angle ; and subtract the half Difference 
from tbe half Sum and you will have the lesser Angle. 
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In die Triangle ABC, g^ven the Side AB 340, flie 8U» 
AC 180, and the Aogie at A 36^ 40' to find the othef 
Angtei and Side'. 

Side AB - 240 AB • 340 

AC • 180 AC ' . 180 



Sum of the two Sides 420 



Difference 



The gtveo Angle BAC 3Qo 40', aubtoacted from 180*, 
learee 143° 30' the Sum of the othei two Angles.; the 
half of which ia 7Jo 40'. 

Aa thA Sum of two Sides, 420 
: Their Difference, 60 
:: Tangent half unknown Ang. 71<> 40' 



2.62325- 
1.77815 
10.47969 

12.25714 
2.62325 



: Tangent half DiOferaice, 23" 30' 

The half sum of the 'two unknown Angles, 
The half difference betfreeo them, 

Add, gives the greater Angle ACB 

Subtract, gives the lesser Angle ABC 

The Side EC may be found by Case I or II. 



71' 40' 
23 20 



CASE IV. ^ 

The three Sides given to find the Angles. Fig. 50. 

The solution of this Casx depends on the following 
Proposition. / 

In every Plane Triangle, Aa the longest aide ; Is to the 
Sam of the other two Sides ; So ii the Difference between 
those two Sides ; To the Difference between the Seg- 
ments of the longest Side, made by a Perpendicular let 
fall from the Angle opposite that Side. 

Half the Difference between these Segments, added 
to haK the Sum of the Segments, that n t» half the 
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length of the longest Side will ^ve the greatest Segment ; 
and this half Difference subtracted frDin the half Sum 
will be the lesKr Segment. The Triangle being thus 
divided becomes two Right Angled Trianglea, \a which 
the Hjpothentjae and one Leg are given (o dnd the An- 
gles. 

lathe Triangle ABC, given the Side AB 105, the Side 
AC 85, and the Side BC ^0 ; to 6ad the Angles. 

Side AC - 85 AC - - 85 

BC - 50 BC r - 50 



Sum of the two Sides 



135 



Difference 



35 



As (he longest Side AB, 1 05 
: Sum ofthe other two SideS, 135 
:; Difference between those Sides, 35 



2.02119 
2.13033 
1.54407 



: Difference between the Segments, 45 

Halfthe Side AB - • . 

Half the Difference of the Segmenls 

Add, gives the i^reater Segment AD 

Subtract, gives the lesser Segment BD 

Thus the Triangle is divided into two Right Angled 
Triangles, ADC and BDC ; in each of which the H>po* 
tbenusearid one Leg are given to find the Angles. 



75.0 
30.0 



Tajijtd the AngU DCA- 
AiHyp. AC, 85 - 1.92942 
'. EUdiiu - - 10.00000 
::Ses. AD, 75 " 1.87506 



: Sine DCA, 61» 55' 8.94564 

The Angle DCA6lo 55' 
the Angle CAD 28» 5' 



7b>nd Ihe JngteDCB. 
Aa Hrp. BC, 50 - 1.69897 
; Radius - - 10.00000 
:;Seg.BD,'30 - 1.47712 



: Bioe DOB, 360 SO' 9.77815 

subtracted irom 90" leRve» 
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Tbe Aitfitt DCB 36° fiO' sabtivcted from dO« leavM 
U» AogleCBD53«lO'. 

llie Angle DCA6l<> 56' added to the Angle DCB 36* 
50'eiTei the Angle ACB dS" 45'. 

IliiB Cue may also be wired according to tbe follow- 
ing Feopobition. 

In every plane Triaogle, As tbe Frodot^t of aay two 
Sides containiDg a required Angls ; Is to tbe Product of 
half the Sum of (he three Sides, and the DiffereDce be- 
tween that half Sum and the Side opposite tbe Angle re- 
Suired ; So is tbe Square of Radius ; To tbe Square of 
le Co-Sine of half the Angle required. 



Those wbq make tbemselves well acquainted with 
Trigonometkt will 6nd its application easy to maDj 
useful purposes, particolarly to tbe mensaration m 
Heights and Diataboefl ; called Altimetkt and Lonoi- 
METRT. These are here emitted because, as ^a WOTk is 
designed principally to teach tbe Art of common Field 
SuRVETiHa, it was thought improper to swell its size and 
consequently increase its price, by inserting any thing 
Dot particularly connected with that Art. 

It is recommended to tiioae who design to be Surreyon 
to study Trioonomctbt thoroughly ; for though a com- 
mon field may be measured without an acquaiotaoce 
with that Science, yet many cases will occur in practice 
where a knowledge of it will be found very beneficial ; 
particularly in dividing Land, and ascertaining tbe boun> 
aeries of old Surveys. Indeed no one who is ignorant 
of Triqonomtrt, can be an accomplished Surveyor. 
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£UR VETING is fbe Art of meunriiig, lajing out ni 
dividiog Land. 



MKAsuiiiNa Land. 

Tbft mat conunoti' mesatire for Land is the Acre ; 
wbicb cetitaiQi 160 Square Rodi, Folea or PetchM; 
or 4 Square Roods, each contuoii^ 40 Sqaare Roda. 

The instrument moat in use, for meiBaiiiig the Sides of 
Fields, is Gdntkr's Chain, which is in leogtb 4 Rods or 
66 Feet ; and is divided into 100 eqaal parts, called 
Links, each contaiaing 7 Inches and 92 Hundredtba* 
CoDsequently, 1 Square Chain coDtMns 16 Square Roda, 
and 10 Square Chains make 1 Acre. 

Ita small Fields, or where the Land is uoeren, as is the 
ease with a great part of the Land in New-Eoglan^ it is 
better to use a Chain of only two Rods in length ; at the 
Sarvej can be more accuratelj taken. 



SECTION I. 
Prblihikart Problihs. 

PROBLEM I. To redact Two Rod Chains to Four 
Rod Chaint. 

Rule. If tiie number of Two Rod Chains be even, 
take half the number for Four Rod Cbaini, and annex 
the Links if any: Thus, 16 Two Rod Chains and 37 
Links make 8 FoarRod Chains and 37 Links. 

But if the number of* Chains be odd, take half, the 
greatest-even number for Chai^, and fot the remaining 
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namber add 50 to the Linke : Tfaus, 1 7 Two Rod ChaiM 
snd 43 Links make 8 Four Rod Chains and 9-S Links. 

PROBLEM III To reduce Two Rod Chains to Sodt 
and Decanal Paris. 

Rule. Muhi{)I; the Chains bj S and the Links by 4, 
which will give Hundredths of a Rod: Thus, 17 Two 
Rod Chains and 31 Links make 34 Rods and 84 Hun- 
dredths ^ expressed thus 34.84 Rods. 

If the Links exceed 25 add 1 to the untnber of Rods 
' and multiply the excess by 4 : Thus, 15 Two Rod Chaioa 
and 38 Links make 3 1 .52 Rods. 

PROBLEM in. To rtdvce Four Rod Chains to Rods 
and Decimal parts. 

Rule. Multiply the Chains, or Chains and Links, by 
4 ; the Product will be Rods and Hundredths : Thus, 8 
Chains and 64 Links make 34.56 Rods. 

Ao/t, The rcrarse of this Rule, that is, dividing by 4, will reduce 
Rode aad Deiiimalt to Chains and Links : Tbua, 105.12 Rodi make 
36 Chains and SSlfakB. 

PROBLEM iV. To reduce Square Rods to Acres. 

Rule. Divide the Rode by 1 60, and the Remainder by 
40. if it exceeds that number, for Roods or Quarters of 
an Acre : Thus 746 Scjuare Rods make 4 Acres, 2 Roods 
and 26 Rods. 

PROBLEM V. To reduce Square Chains to Acns. 

Role. Divide, by 10 ; or, which ia the same thing, cut 
off the Right hand fisjure : Thus, 1460 Square Chains 
make 146 Acres ; and 846 Square Chains make 84 Acres 
and 6 Tenths. 

PROBLEM VI. To reduce Square Links to Acres. 

Rule. Divide by 100000 ; or, which is the same thing, 
cut off the 5 Right hand figures : Thus, 3845120 Square 
Links make 38 Acres and 45I30Dectni8ls. 

JV»(f. When the Area of a Field, by which ii meant its Superficial 
Cfcntenti, is eipreBsed in Square Chains and Linki, the whole may 
be considered as Square Liulia, and the DUDiber of Acres contaiaed 
in the Field, fomid as above. Then multiply the figures cut off by 
4, and again cut off 5 figures, and you have the Roods ; multiply 
the figures last cut off by 40, and again cut off 5 figures, and yoil 
have the Kods. 

EsAHPLE. How many Acres, Roods and Rods are there in IgS 
ScpiaFe CbaiDB and 3374 Square Lioka ? 
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15)63274 Squaw Link? 



21)23840 
.Gnawer, 15 Acrei 3 Roods and 31 Rods. 



PROBLKKs/orJinding the Area of Right Lined Figures, 
and also of Circles. 

PROBLEM VII. To find the Area of a Square or 
Parallelogram. 

Rule. Multrplj the length into the bieadlb ; the Pro- 
duct nil! be the Area. 

PROBLEM VII]. To find the Ana of a Rkomhus or 
Rkohtboides, 

Rule. Drop a Perpendicular from one of (he' Angles 
to its opposite Side, and multiply thai Side into the Per- 
pendicular ; the Product will be the Area. 

PROBLEM IX. To find Ihe A rta of a Triangle. 

Rule I. Drop a Perp'eudicular from one of the Angles , 
to its opposite Side, nfaich may be called the Base ; then 
multiply the Base fay half the Perpendicular, or the Perr 
pendicular by half the Base ; the Product nil! be the 
Area. Or, tnulliply the vrbole Base by the whole Per- 
pendicular, and halfthe Product will be the Area. 

Rule 3. If it be a Right Angled Triangle, multiply 
one of the Lege into half theother ; Ihe Product vill be 
tbe Area. Or, multiply the two Legs inio each other, 
and half the Product nil! be the Area. 

Rule 3. When the three Sides of a Triangle are 
known, the Area may be found Arithmetically, as fol- 
lows : 

Add together the three Sides ; from half their Sum 
subtract each side, noting down the Remainders ; multi- 
ply the half Sum by one of those Remainders, and that 
:t by another Remainder, and that Product by 
ler Remainder \ the Square Root of the last Pro* 
ill be the Area. 

MPLE. Suppose 3 Trianglewhosa three Sides are 
and 18 Chains. Demanded the Areai 
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34+20+18»63, the Sam of the three Sidei, the htlf 
afwhicbis 31. From 3t subtnct 34, 30 and IS j the 
three ReiB&iDders willbe7, 11 and 13. 

31X7=217 ; 317x11=2387 ; 2387X13=31031, the 
Square Rootof vhich is 176.1 or 17 Acres 2 Roods and 
17 Rods. 

By Logarithms, , 

Afl the Additien of LogarithtDB is the lame as the Mal- 
tiplication of their correepondiDg Numbers *, and as the 
ifumber anBwering to the*one half of a Logarithm will be 
the Square Root of the Number coirespondine to that 
Logarithm ; it foUowB, That if the Lt^aritfam oi the half 
Sum of the three Sides and the Logarithms of the three 
Remainders be added together, the Namber correspon- 
ding to one half the Sum of those LogariUuns will be the 
Area of the Triangle. 

ThehalfSam, 31 - - 1.49136 

The SfBt Remainder, 7 - - 0.84510 

The second Remainder, H • 1.04139 

Thethird Remainder, 13 •- i. 11394 



The Square of the Area, 31O0O 
Area 176 Square Chains 



Rule 4. When two Sides of a Triangle and their con- 
tained Angle, that is, the Angle made by those Sides, 
are given, the Area taAy be found as follows : 

Add (ogetiier the Logarithms of the two Sides and the 
Ii<^arithmic Sine of the Angle ; from their Sum subtract 
the Logarithm of Radius, die Remainder will be the 
Logarithm of double the Area. 

EsAHFLE. Suppose a Triangle one of whose Sides is 
105 Rods and another S£, and the Angle contained be- 
tween them 38° 5'. Demanded the Area. 

One Side, 105 - - - 2.02II9 

The other Side, 85 - - 1.92942 

Sine Angle, SS* 5' ' - ■ - 9.67280 

13.67341 
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(Bi-o't «er,) "• - - 13.63341 

Subtnet Radios < . • 10.00000 

Doable Arek, 4300 Rods - - 3.fiS341 

Gnawer. SlOO Rods. 

Mhte. Radio* may be lubbacted bv cancelliag the Left band Sgnn of 
Oie lodeZ) or rabtraetiiig 10, wiuiout the trouble of leltsij; down the 
Cjphm. 

By Jfalvral Sints. 

Multiply the two ^ven Sides ioto each other, and that 
Prodact by the If atural Sine of the given Angle ; the 
last Prodact will be doable the Area of the Triangle. 

Nat. Sine of the Angle 38° 5< 0.47076 

105x85=8935, and 8925X0.47076=4301 Ae doable 
Area of the Triangle. 

PROBLEM X. Tofind the Area of a Trapezoid. 

Rule. Multiply half the Sam of the ttro parallel Sides 
by the perpendicular distance between them, or the Bam 
of the two parallel Sides by half the perpendicular dii- 
tajice -, the Product will be the Area. . 

PROBLEM XJ. To find the Area of a Trapetivm, «r 
irregular Four Sided Figure, 

Rule. Draw a Diagonal between two opposite Angles, 
which will divide the Trapezium into two Triangles. 
Find the Area of each Triangle and add them together. ~ 
Or, multiply the Diagonal by half the Sum of the two 
Perpendicnlarff let fall upon it, or the Sum of the two 
Perpendiculars by half the Diagonal ; the Product will 
be tne Area'. 

JVote. Where the leDgth of (be Tour Bidet and of the Diag<Hial is knomi) 
tbe Area of ttie two Triaoglei, into which the Trapeiiom it divided, 
may be calcnlDiled Aiitimi'^ticallj, accolding to PaOB. IX. RiJe 3. 

PROBLEM Xn. To find the Area of a Figure con- 
taining more than Four Sidts. 

Rule. Divide tbe Figure into Triangles and Trapezia, 

S drawing aB many Diagonals as are necessary ; which 
agonala must be so drawn as not to intersect each 
ettier ; then find the Area of each of tbe several Trian- 
^et or Trapezia, and add them together ; the Sum wil,l 
be the Area of the whole Figare. •:£!:'< 
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Abfe. A JitUe practice will luggs"* (he most convenient way of draw- 



PROBLEM Xm. Respecting Circles* 

Rule 1. If the Diameter be given, the Circumfereoce 
may be fouod b; one of the following Proportions : As 
7 is to 22 ; or mor^ exactly, as 1 13 is to 395 ; or in 
Decimals, as I U to 3,14159 ; so is the Diameter to the 
Circamrerence, 

Rule 2. If the Circumference be given, tbe Djamete^ 
may be found by one of the following Proportions : Aa 
22 is to 7 ; or ss 355 is to 1 1 3 ;' or as 1 is to 0.31 831 ; so 
>is the Circumference to the Diameter. 

Role 3. Tfae Diameter and Circumference beiog 
known, multiply half the one into half (he other, and the 
Product will be the Area. 

Rule 4. From the Diameter only to 6nd the Area : 
Multiply the Square of the Diameter fay 0.7854, and the 
Product will be the Area. 

Rule 5. From the Circumference only to find the 
Area ; Multiply the Square of tbe Circumference by 
0.07958, and the Product will be the Area. 

Rule 6.' The j^rna beicg given to find (be Diameter : 
Divide the Area by 0.7854, and the Quotient will be the 
Square of the Diameter ; from this extract the Square 
Root, and you will have the Diameter. 

Rule. 7. The Area being given to find the Circum- 
ference ; Divide tbe Area by 0.07958, and the Quotient 
will be the Square of this Circumference ; from tbis ex- 
tract the Square Root and you will bare tbe Circumfer. 
eoce. 



The following Cases teach the most luual methods of 
taking the Survey of Fields ; also how to protract or 
draw a Plot of Ihem, and to calculate their Area. 

JVole. The Field Book is a RegiBler containing the length of the Siiiei 
of a Field, as fbuad W measuring them with a Chain; aJio the 
Bearings or CoDrscs ofthe Sides, or the Quantity of flw ieveral An- 
gles, at found by a Compass, or other iostniment for tiiat purpose ; 
together with luch Remarlu ai theSiuroTOftbioki ptoper to ndcc 
in the Field. 
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CASE I. 

To survey a TriangtJar FitH. 
Heaaere the SideBOf the Field with a Cbain, and enter 
their aeveral lengths in a Ftkld Book ; protract the Field 
on Paper, and then find the Area hj Paoi. IX. Ridt K 
Or, without plotting the Field, calculate the Area hj 
PaOB. IX. Rule 3. 

FIELD BOOK. iS«pLAT« 11. Fig. 46. 

Cbaini. 

AB • • SO 

BC - - 94 

CA - • 18 

Tojini ihe Area. 

Bate BC 
Hairr«r^.AD 



Acres 17)61600 



Roods 3) 46400 



Roods 18)56000 

Acre! Rooda ftods 
Arta 17 — 2 — 18.56 
Jfole. When tbere are cfjdi*! at the Right Band of the Litiki, duj 
DUif be rejected ; remembering to cut i^ a proper number of figure* 
accordiog to Decimal Rules. 



Ohnrve, That in meaaaring with a Cbain, alant or in- 
clined SurfacM, as the Sides of HiHi, should be meaioreid 
borizoQtallj, and mi oq the Plane or Surface of the Hill ; 
otherwise a survey cannot be accurately taken, JTo ef- 
Ject this, the lover end of the Chain must be raised from 
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the ground, bo afl to have the whole in a borizontal Liae ; 
and the end thus raised mu^t be directlj' over the Poiat 
where the Chain begiue or eode, accordiuj; ai ;ou are as- 
ceoding or descending a Hill ; which Ppint may be as- 
certained b;' a Plummet and Line. 



CASE II. 

To turvej/ a Field m thejorm of a Trapezivm. 

Mt:a8ul'e the several liidee, and a Diagonal between 

two opposite Angles ; protract the Field, and find the 

Area by Problrh XI. Or, withont protraciiug ^be 

Field, calculate the Area according- to the Nott at the 

Cltd Ofthnt PR0BL£H. 



according 


to the Nott 


Stt Plats W- Fig. 51. 




Ch. L. 




27. oO 


- 


11.70 


. 


2i.50 


.* 


14.70 



AB 

BC 

CD 

DA 
Diagonal AC - - ' 98. 

7^0 protract this Trapezittm. 
Draw theSidi^ AB the given lengih; with the Diago- 
nal AC 38 »od the Side BC 1 1.70 describe croxs Arches 
as at C, from A and B as^Centres ; and the Point of in- 
tersfclion will repreaent thaf Cornerof the Field : Then 
with the Side CD '21.^0 and the Side AD 14.70 describe 
cross Arches as at D, from A and C as Centres ; and the 
Point of intersection will represent that Corner of tbe 
Field. 



Tojindthe Area. 
Perpendicular B a ■ . 11.34 
— Dm - . 11.10 

23.44 
Half Diagonal AC - - 14.00 
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{BnH over) Acres 31)416 

4 

Hood 1)664 



Rods 36)560 



Mbte. fkB PerpendicDlan need Da( be actually drawn ; tbeir Ieng;tb 
maj be obtained a> fallowi : From tlie Angle oppoiite the Dittgoaal 
open the Dividers to ai when one Footii in the angular Point, ai at 
S, tbe other, being moved backwards aod forwarda, may jnat touch 
the DiagooaJ at a, and neither fo ttte leaat aboce or below it ; that 
, diitaoce in tbe Dividers being measured on the Scale will give tbe 
length of the P«rpeBdicuI&r. 



CASE nf. , 

To tvrvtff a Fitld which has more than four Sides, bjf 
the' Chain only. 

Measure the leveral Sides, and from some one of tbe 
AoglcB, from which the others ma; be seeo, measare 
Diagonals to them ; draw a Plot of the Field, and fiod 
the Area by Prublem XII. 

FIELD BOOK. See Platb II. Fig 52. 
Ch. L. 



AB - 


30.60 




BO . 


20.40 




CD - 


22.40 


AC 


DE - 


16.30 


AC 


EP 


13.50 


AE 


FA 


28. ■ 





DiagonaUt 



S4.20 

To protract this Field. 
Draw the Side AB, making it the given length 30.60; 
with the Diagonal AC 45 and the Side BC 20.40 des- 
cribe cross Arches as at C, from the Points A and B as 
Centres ; and the Point of intersection will represent that 
Comer of tbe Field ; Draw the Side BC and the dotted 
Diagonal AC; With the Diagonal AD 35 and tbe Side 
CD 23.40 describf! cross Arches as at D, from the Points 
A and C ; and draw tbe Side CD and tbe dotted Disgo- 
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mil AD. Piioce«cl m this manner tJU att the Sides and 
Diagooala are drawn. 



Tojindtkt Area. 
The Field being plotted may be divided into one Tra- 
pezium and two TriangleB ; The Area of wbicbie calca- 
lated as follows. 

the TVapesium ABCD. Ths Triangh iDE. 

• Perpend. B a - It.eS Half Pera. Em - 4 on 

— Do - - n.W Di«(.AD - __ . 36 



MaUDiig.AC 



143900 

6756 

5756 



The Triangle ATE 
r«rpeiKL En ■ It.SS 

Half Side AF - - 14 



Acre* Rood Rods 



Trap. ABCD 
Triangle ADE 
Triangle AFE 



647.55 
171.50 
163.101 



REMARKS. 

As each of the Sides of the sereral Triangles into 
which the preceding Plot of a Field is divided, is known 
from-the field Book,1be Area of the Field may be calcu- 
lated Arithmetically, by finding the Area of each Triangle, 
according to Prob IX. Rule 3 3 and then adding the 
whole together. This method, though it may require 
more time, is preferable to the other, because more accu- 
rate. Indeed it is always better to calculate the Area of 
a Field Arithmetically than Geometrically ; for in tho 
former do two persons can differ in their calculations; 



.^inGoogk' 



SURVEYING. 46 

whereas according to the latter, ffhich is the commoa 
method of casting the CoDteots of a Field, it is hardly to 
be expected that any two persoDi will perfectt; agree. ^ 
The inaccuracy or Scales, and the difficulty of determi-^ 
ning with preciaioD the length of Sides and Perpendicu- 
lars, with a Scale and Dividers, render it alnaoet if not 
quite impossible to. obtain the exact Area of a Field, in 
the method commonly practiaed^; efen if the Surveyor 
basmaasured it accurately in the firat place. 

Othpr methods of taking the Survey of a Field, by the 
Chain only are mentioned in some Treatises on this sub- 
ject, but they are rather curious than useful ; and it is 
much better to ascertain the Au^^lea by an accurate Com- 
pass, or some Instrument designed purposely for taking 
Angles. 



CASE IV. 

To Surely a Field with a Chain and Compass' 
Measure the length of the Sides wiih a Chain, and 
take their bearing or Course with a Compass ;* enter 
these in a Field Book ; plot the Field on Paper, and cal- 
culate the Area by the airectiona already givep. 

To protract or draw a Map of a Field. 

Draw a Line to represent a Meridian, or North and 
Sonth Line, from which lay off a Bearing or Course of 
the first Side of the Field, with a Protractor or from a 
Line ofChords ; and from a Scale of equal Parts measure 
the length of the Side and draw a Line to represent it. 

At the end of this Line draw a Line parallel to the - 
Meridian Line and then lay off the second Side of the 
Field as before taught : Proceed in the same manner to 
draw parallel Lines and Uy off the several Side^ till the 
whole is protracted. 

In protracting a Field, let the Top of the Paper be 

• A Compaaa majr-be so conEtrocted with two Indexes, one ( 
•nd the other fixed, aa to awertain the Angle made bj two Sidt 
out reTereace to the Bearing of those Side). Such a Compau ' 
particularly useful in 8UrvejiQsJ,a»d wherB there are mineral «i 



which have an influeDce upon the Compaw Needle, attracting it 
«r the other ; and thus reoilenug it iiopomble to take a^ou 
with precieioo. 
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coonflered an Nortb ; the Bottom, Soatb ; the Rigkt 
band, Enit - and the Lett hand, VieBt : la; the CourM 
to the Rigl-t or Left of the MeridiaD Line, according as 
• it is Eaet < r Wert ; and from the upper or lowerpart of 
the Line, according as it is North or South. 

Id all protraction!, if the end of the last disfance falls 
exactly on the Point from which yon he^an, Hie Courtfe 
also being right, the Field work and protraction are tyuly 
takeo and performed ; if not, an error meot have beefi 
committed iu one of ihem : In such cases make a second 
protraction ; if lhi« agrees with ihe former, it it to be 
presumed the fault is in the FieM work ; a re-sanrej 
must then be taken. 

EXAMFLE L 

FIELD BOOK. Set Plate IL Fig. 53. 
Cb. L. 
AB. N. ?• 0' W. 28.20 
BC. N. 74 E. 39.50 
CD. S. 9 E. 38. 
DE. N. 63 20 W. 14.55 
EA. S. 74 W. 28.60 
Acre* Rood RbA 
-Jreo 117 — 1—6 



REMARKS. 

The Sides of the several Triangles into which the 
Plot of a Field is divided may be found by Trigonometry ; 
and then tha Area of each Triangle may be calculated 
.according to Prdb. IX. Ritie 3. The Sam of the Areas 
0f the several Triangles will be the Area of the whole 
Field. This method may require more time but it ia 
perfectly accurate, since no dependence is placed on the 
uncertain measurement of Scale and Dividers. 

Id the preceding Example, stippoBe the Field divided 
into three Triangles. Ste Ptg. 53. h, the Tnangh EAB, 
the Sides EA and AB are known from the Fielu Book, 
and their contained Angle is known from the Bearing of 
the Sides. The other Angles and the Side £B may be 
fonod by Obliqus TaiauHOMETpv, Case III; and iben 
there will be the three Sides to find the Area. In the 
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Trvingh E6C, the Sids BC ie known from the Piii,d 
-Book, and the Side EB ii foand as above mentioueH ; 
Hbe Angle EBA ii aln found aa above ; tfaia nibtrscted 
■Irom the Angle ABC, which ma; be found from the 
Bearing of the Sides AB and BC, will leave the Angle 
EBC : there will then be the two Sides and their con- 
taised Angle to find the the thin) Side ; and this beiiig\ 
found there will be the three Sides to find the Area. 
In the Triangle EDO, the Sides DE and DC are known 
.from (he Fixld Book, and their contained Angle it known 
from the Bearing of the Sides. The Side EC and the 
Ar«a may be fennd ta above. 

it is recommended to the Learner to make these cal' 
culations, as it will improve him itt the knowledge of 
Trigooomalry. 



Jln»thtr Method of protracting FitUs* 

Without drawing parallel Lines at the end of each 
Side, a Field may be protracted by the Angles made by 
the several Sides ; and die Angle made between any two 
Sides may be found by (be following Rules. 

Rule 1. If thecourse or Bearing of one of the Sides is 
Northerly and the other Southerly,'one Esslerly and the 
other Westerly, sabtract die less Course from the greater, 
the Remainder will be the Angle betweea them. 

Rule 3. If one is Northerly and the other Southerly, 
and both Easterly or Westerly, add both Courses 
together ; the Sum wilt be the Angle between them. 

Rule 3. If both are Northerly or Southerly, and one 
Easterly and the other Westerly, subtract the Sum of 
both from 180o ; the Remainder will be the Angl« be* 
tween them. 

Rule 4. If both are Northerly or Southerly, and both 
Easterly or Westerly, add 90», the less Course and (he 
Complement of the greater together; the Sum will be 
the Angle between them* 

To protracta Field according to the preceding Rules 
is preferable to the method of doing it by parallel Lines, 
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thou^ it may not be lo eas; to. the Learner at first. It 

is difficult to draw parallel Lioea witb perfect accuracy, 
particularly without a parallel Rule ; and a small devia- 
tion from a true Line may make considerable difference' 
in the Plot of a Field. 







Example II. 
















FIELD BOOK. Ste PiATJIII. f fe. SS. 












Ch. L. 


AB. 


N. 


lt° 


30' 


E. 


22. 


BC. 


N. 


82 





E. 


19.60 


CD. 


S. 


17 





E. 


24. 


DE. 


S. 


37 





W. 


22. 


EA. 


N. 


49 





W. 


25.20 



^rea 85 Acres. 

To dram a Plat of this Field, according to tktpreceiit^ 
Rules. 

Having drawn the Side AB, according to the direction 
before given for laying off the Scst Course and Distance, 
compare the first and second Courses together, and tbej 
will be found to be hotb Northerly and both Easterly! 
Consequent ty the Angle between them is found by Rule 
4. as follows : 90" added to 1 6" 30' the less Course and 
8" the Complement of the greater, the Sum is 114" 30' 
for the Angle at B. Compare the second and third 
Courses, and they will be found to be one Northerly and 
one Southerly and both Easterly ; consequently, accord- 
ing to Rule 3. 83° the second Course added to I?" the 
third Course, the Sum 99° is the Angle at C. The thitil ■. 
and fourth Courses are both Southerly and one Easterly 
and the other Westerly. The Angle between them at 
D is 13GO ; for 17° the third Course added to 37o the 
fourth Course is 54" .which subtracted from 180'> leaves 
125", according to Rule 3. The fourth and fifth Conrees 
are one Southerly and the other Northerly and both 
Westerly. According to Role 2. 37o ihe fourth Course 
added to 490 the filth Course, the Som 860 is the Angle 
atE. 

A little practice wilt render this mode of protracting 
a Field familiar and easy, and an attention to the Course! 
will show Id what direction the Angle is to be made. 
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FIELD BOOK. S« Pi.iT« IV. Pit. «6. 

- Ch. u 

AB. N. 66' IS' E. 31.60 

N. 36 30 E. 13.44 

71 30 E. IS.% 



EC. 
CD. 
DE. 
EP. 
EG. 
GH. 
HI. 
IK. 
KL. 
LH. 
MN. 



30 E. 13.44 

S. 71 30 W. 18.96 

S. 4S E. 8.47 

S. 63 30 E. 13.44 

N. tS a E. 8.47 

S. 36 30 E. 13.44 

S. 45 W. 8.47 

S. 63 30 W. 13.44 

N. 76 W. 24.73 

MA. N. 36 45 W. 30. 
Aem Rood Rodi. 
^rea 167 — 1 — 30 
The above Field may be protracted, and it< Arc* cal- 
calated accprdiog to the directioiu given in the preceding 

ExAMFLBS. ■!■ a 

ikvtrai Fifld Boaki to txtreiit the Leamrr in ptatlmg FuUi ani talaH^ 
h'«^ their Area. 



No. 1. Rod.. 


So. m. 


Rodi. 


1. K. 15" 0' E. 320- 


1. S. SSo 40 


W. 49.7 


3. R. 37 30 £. 160 


2. S. 67 16 


W. 3*5 


a EMt 120 


a S. 64 


W. 17.9 


4. B. n E. SOO 


4. S. 20 


w. as 


5. Sooth SIO ' 


5. 8. 7 ao 


E. 29.4 


e. Weit 160 


6. N. B3 


E. 107.4 


7. S. 36 30 W. 160 


7. N. 6 50 


W. 22. 


8. N. 38 16 W. 136 


a N. 18 30 


W. 46. 


Acre* Rood! Roa> 


Acm Rood Rodi. 


Ana 744—3 —28 


Jlrea3* — 1 


— 19 


No."!! Cb. L. 


No. iv7 


Rodi. 


1. N. 75* 0* E. 13.70 


1. N. 43» C 


W. 12.44 


3; N. 20 30 E. 10.^ - 


3. ^.64 


W. 8. 


3. Ea«t V 18.20 


a N. 52 


W. 14.60 


4. 9. S3 30 W. 35.50 


4. N. 37 S 


W. S1.36 


5. 8. 76 W. 16. 


5. N. 15 30 


W. 21.76 


6. Korth 9. 


e. N. 20 40 


W. 44.60 


7. S. 84 W. 11.60 


7. N. 88 20 


E. 167.60 


«. N. 63 IS W. 11.60 


a 8. 34 40 


E. 71.20 


9. N. 36 46 E. 19.20 


9. a 75 


W. 69.72 


10. N. 33 30 E. 14. 


. la a 55 


W. 64.60 


11. S. 76 45 E. 12. 


11. 3. 25 


W. 18.12 


.«. S. IS W. 10.86 


Acrea Roodi Rod» 


13. 3. 16 45 W. iai3 


Aw K — 2 


— ,S» 


Acrei Roods Rait. 






Jr« ItO — 2 — 23 ! 


S 
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No. 


V. 




Rod.. 


13. 


N. 


49 


20 


c 


4.04 


1, 


S. 


11» 


60' 


W. 


34.6 


14. 


North 






2.23 


2. 


S. 


63 


SO 


E. 


93.6 


16. 


N. 


60 


35 


E. 


6.60 


3. 


N. 


4 





W. 


34.9 


16. 


S. 


22 


50 


E. 


17.94 


4. 


S. 


89 


66 


E. 


40.1 


17. 


s. 


34 





W. 


3.60 


5. 


N. 


5 


20 


W. 


36.6 


18. 


s. 


41 





w. 


3. 


«. 


N. 


69 


40 


W 


60. 


19. 


s. 


22 


50 


w. 


9.a6 


7. 


S. 


78 





w. 


30.6 


20. 


s. 


3 


40 


E. 


2.64 


8. 


N. 


67 


to 


w. 


1.2 


21. 


s. 


86 





W. 


2.61 


9. 


S. 


78 


30 


w. 


10.4 


22. 


s. 





25 


W. 


14.60 


10. 


s. 


6S 


56 


w. 


16.2 


23. 


s. 


2 





W. 


6.3« 




Acrea Rood Rods 




24. 


s. 


10 





E. 


11.76 


Ana 4 


— 




34 




25. 


s. 


86 





W. 


34.60 
















Acres Roods Rods 






No." VI. 




Rode. 


Arta 268 — 


3- 


7 




I. 


S. 


34« 


0' 


E. 


42.8 














*2. 


S, 


29 





E. 


69.4 






No. 


viii 




Ro* 


3. 


5. 


64 


60 


W. 


53. 


1. 


S. 


6» 


30' 


E. 


19.1 


4. 


S. 


26 





E. 


4. 


2. 


S. 


63 


SO 


E. 


14.34 


S. 


S. 


66 


30 


W. 


39. 


3. 


S. 


67 





E. 


icee 


e. 


N. 


26 





w 


4. 


4. 


N. 


68 





E. 


13.3 


7. 


S. 


64 


46 


w. 


32.2 


8. 


S. 


31 


30 


W. 


32.44 


«. 


N. 


30 


30 


w. 


18.3 


6. 


s. 


31 


65 


W. 


9e.6 


9. 


N, 


66 


30 


E. 


34.6 


7. 


s. 


33 


25 


w. 


34.9 


10. 


N. 


64 





E. 


12.6 


8. 


s. 


20 


45 


E. 


3.61 




N. 


49 





E. 


14. 


9. 


s. 


16 


16 


W. 


€4. 


K. 


N. 


26 


10 


W. 


19.3 


10. 


N. 


52 


30 


w 


12.S 


13. 


N. 


21 





W. 


18.3 


11. 


s. 


46 





w. 


UM 


14. 


N. 


44 


10 


w. 


18. 


12. 


.s. 


69 





w. 


21.4 


16. 


N. 


64 


40 


E. 


30.5 


13. 


s. 


12 


40 


w. 


9.4 


16. 


N. 


18 


30 


W. 


39. 


14. 


s. 


84 


SO 


w. 


9.6 


17. 


N. 


36 


6 


E. 


26.7 


16. 


N. 


22 


15 


w. 


24. 




Acrea Rood Rods 


16. 


North 






9.8 


Area 41 


_ 


1 — 


12 




17. 


N. 


29 


15 


w. 


30.6 














18. 


N. 


44 


26 


w. 


21.8 






No. 


VII. 




Ch.L. 


19. 


N. 


61 


30 


w. 


23.1 


1. 


N. 


ff> 


4ff 


W. 


9. 


20. 


N. 


41 





w 


10.8 


.2. 


N. 


19 


30 


W. 


6.35 


21. 


N. 


36 





E. 


41.66 


3. 


N. 


23 





w. 


4.09 


22. 


S. 


68 





E. 


80.e 


4. 


N. 


41 


.35 


w. 


6.16 


23. 


N. 


44 


30 


E. 


20.4 


S. 


N. 


3 





w. 


36.75 


24. 


N. 


2 


30 


W. 


4). 


6. 


S. 


86 


60 


w. 


43.33 


25. 


N. 


H 


46 


W. 


62.38 


7. 


N. 


2 


16 


w 


17.65 


26. 


N. 


16 





W. 


14.8 


8. 


N. 


8ft 


.46 


E. 


12.66 


27. 


N. 


1 


45 


W. 


14.8 


9. 


S. 


2 


10 


E. 


& 


28. 


N. 


82 


30 


E. 


99. 


10. 


N. 


86 


45 


E. 


■7.38 




Acres Rood Rods 




11. 


S. 


3 


16 


E. 


IS.20 


Area 136 — 


1 — 


16 




12. 


N. 


87 





e. 


29.92 
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To surv^ a Field from one Station, at am/ place aithin 
tht Field, fiom which the ttvtral Angles mag be seen. 

Take the Bearing of the ADgles, aDd measare their 
DisUtDce from the Station. , 

FIELD BOOK. S« Plam III. f «. 61. 

Cb. L. 
From Station <o A. N. 20»W. 8.70 

B. N. 60 E. 10. 

C. N. 87 E. 11.40 

D. S. 15 E. ie;50 

E. s. eo w. 12. 

■ p. N. 65 M 8.7& 

To protract this Field. 

Draw a Heridian Line aa N. S. From aome point in 

that Line as a Centre lay offthe Bearing and Distance to 

Ae aeveral Angles, and draw Lines from one Angle to 

another, as AB, BC, CD, &c. 

To find the Area. 
Ilie Area may he calcolated 'according to PaoB. XII. 
bj measuring Diagonals and Perpendiculan j Qt more 
accarately according to Pbob. IX. Rxde 4. 

As the Bearing and' Distance of the Lines from tb& 

Station to the several Angles are known, two Sides and 

their contained Angle are given in each of the Triangles 

into which the Plot is divided ; the Area may, therefore, 

be readily calcolated by the ifule above referred to. 

TfaU. Ai is tbe operatiDil, the Logaritbn of RBdiut i« to be nbtrac- 

Ud from Uis Snm ef the other LogHrithrai, it mo;- be dope bj re- 

jfictiag th« LeQ hand figure, witluHit tbe troable of- putting down 



sngle aAB. 

a A, S. 70 - ' aS3»5S 

aB, 10 - . 1.00000 

Sine AoB, S0> - 9.99335 

Doab. Ares, 05 .7 

Triangle aBC. 
•B, 10 - . 

»C, 11.40 
Sine BaC, ST<> 

Doob. Area, 51.8 



Trianglt aCD. 

aC, 11.40 - - 1.03690 

bD, 10.50 - - 1.03119 

Sine C[lD,.T8° ^ 9.9S040 

Doub-Atee, 117' - 2.06849 



,ibf Google 
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lU^kMEF. 


JH^gftO-A. 




bE,J2 - - 1.07918 


bF, 8.78 - 


0.9430 


»r,8.78 . - 0.94349 


aA, 8.70 - - 


0.939S3 


SbeEtf.SC* - 9^1336 


SiDeraA,«t 


9.84948 ^ 


Doob. Area, 86.3 1.83603 


DoHb. Area, 54 


1.73249- .; 






1 


Triangle aAB 


, 85.7 




«BC - 


51.8 


1 


aCD - 


in. 




bDE - 


122. 


1 


aEF - 


86.3 


1 


aFA . 


M. 




Doable Are» « 


516.8 


1 



25)84 



14)40 



To mnty a Fid.dfrvm *ome ow of thi Angles, frmt 
which ihe <ttkeri may be $atn. i 

From the atstionar; Angle take the Bearing and Dii- 
tance to each of the other Angle;, with a ConpasB abd 
Chain. 

FIELD BOOK. See Pi.*te HI. Fig, 59. 

Ch. L. 
FG. N, 70» W. 14.60 
FA.- N. 50 W. 18.20 
FB.' N., 30 W. 16.80 

FC. N. 10 W. 21.20 

FD. N. 7 E. 16.95 

FE. N. 30 E: 8.50 
To ^aa a Plot of this Fitld. 

Draw a Meridian Litie to paes through the statioDarr 
Angle as at F. Ficoin Ihe Point F la; of the Beariog 
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and Distance fo the sevenl Anglee, and csnaect tham by 
liineB, «s FG, FA, FB, &c. 

The Area may be calcotated as taaghtin tbeprecediiig 
Case. 



CASE VII. 
To titrvtjf a Fhld/rom heo Stations within the Field, 
provided the ttveral Angles can be seen from each Sta- 
turn. 

Plod the Bearing: ''root ^ch Station to (be respective 
Angles ; and also the Bearing and Distance from one 
Station to tbe other, 

FIELD BOOK. See Platk III. Fig. 63. 





Firsl Station. 




Steoiut Station 




AC. 


N. 38" SV, 


E. 


BC. S. S2« 0' 


E. 


AD. 


S. 69 


E. 


BD. S. 17 


E. 


AE. 


S. 69 


W. 


BE. S. 38 


W. 


AP. 


N. 63 


w. 


BF. S. 49 


W. 


AG. 


N. 21 


w. 


BG. N. 76 


W. 


AH. 


North. 




BH. N. S4 


W. 



Stationary Liae AB. N. 14° E. 30 ChaisB. 
To protract this Field. 
At tbe first Station A draw a Meridian Line and lay 
off the Bearings to tbe respective Angles '; draw the 
stationary Line AB, according to- the Bearing and Dis- 
tance ; at B draw a Meridian Line parailei to the other, 
and lay oET tbe Bearings to tbe Angles, as taken irom 
this Station ; from each Station draw Lines tbrongh' the 
Degree which shows the Bearing of each Angle, as mark- 
ed by the Pi-otractor or Line ,<rf. Chords, and the Faints 
where those Lines intersect each other will be tbe An- 
gles of the Field. Connect those angular Points together 
by Lines, and those Lines will represent the several Sides 
of tbe Field. 



CASE vnr. 

7^0 survey an inaccessible Field. 

Vif upon two Stations, at a convenient distance ftonr 

tbe Field, from each of which tbe serera) Angles Buy 
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be ■een ; from each StatioD take the Bearmg of the I 
Angles ; and take the Bearing and Distance from one 
StartioD to Ibe other. 

FIELD BOOK. See Plate IV. Fig. 67. 





Firit Station. 


Second station. 


AE. 


N. 9" 16' E. 


BE. K. 50» 0' W. 


AF. 


N. 16 E. 


BF. N. 59 IS W. 


AG. 


N. 14 30 E. 


BD. N. 24 W. 


AD. 


N. 39 E. 


BG. N. 21 30 W. 


AH. 


N. 40 E. 


B». N. 5 ' E. 


AC. 


N. 72 E. 


BC. N. 20 30 B. 
Ch. L. 


St 


ationarv DJBtance AB 


S. 880 30' E. 19.20. 



The directions given in the last Case for plotting the 
Field, will apply in this Case also ; and the Area in Ibia 
and the preceding Case maj be calculated in the manner 
pointed oiit in Case IV. by dividing the Plot into Trian- 
gles and measuring Diagonals and Perpendiculars. Or 
the Sides ma; be found by Trigonometry . and the Atea 
calculated Arithmetically, as already taught. 



CASE IX. 

To survet/ a Field where the boundary Lints are ven 
irregular, mtkottl noticing vnlh the Compats every small 
Bend, 

B^in near one corner of the Field, as at A, Platx 
IV. Fig. 68. and measure to the next lai^e Corner, ai 
S, in a straight Line ; noticing also the Bearing of this 
Line. From the Line take OSseta to the several Bends, 
at Right Angles from the Line ; noticing in the Field 
Book at what part of the Line they are taken, aa at A I, 
H 2, 1 3, B 4. Proceed in the same manner round the 
Field. In (he Figure the dotted Lines represent the 
. stationary Lines, and the bUck Line* the Boundaries of 
He Field. 
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Bearing and Distance, 


Offset. 


B^aringaodlMrtaBCe. |(mU. 


Ch.L. 


Ch.L. 




AB. N. 85» 0' E. n.K 


0.56 


EF. S. 67» 50' W. 8.201 0.41 


at5.4C 


i.4r 


at 1.4{ 0.x 


8.2f 


and 




the end 


0.36 


S.88 1. 
tbeood 0.1« 






BC. N. 7- aO' E. 7.96 
at 2.36 






0.36 


FG. S. 27" 40' E 7.08, l.M 


4.2E 


OM 


at 3. 0.t4 


the end 


0.30 


. theendl O.ldj 


CD. H. 62-.0' W. 4.88 




GA. S. SS" SO' W. e.48 




at4.3^ 


OJMl 


Bt3.a( 


0.8( 






"■"»' 


O.40 


DE. N. ll" 10' W. 4.W 


0.30 



yo;)ro(»-acf (Aw Field. 
Draw the stationary Linea according to the directions 
IQ Case IV. From A malce an OSaet of 56 Links tol ; 
meaEure from A to H 540 Links and make the Offset H 
2, 140 Links ; measure from A to I 836 Links and maka 
the 0|]&et I 3, 36 Links : at B make the Offset B 4, 36 
Links. Proceed in the same manner round the Field, 
and connect the ends of Uie OSbgIb b? Lines, which will 
represent the Boundaries of the Field. 



To find Ike Area. 
Find the Area within the Stationary Lines ai before 
tai^t; then of the sevecai small Trapezoids, Parallelo- 
grams and Triangles made by the stationary Lines, 
OSsets and boundary Lines, and add the whole together : 
Thus, add 50 Links the Offiet A I to 1 40 Links the Off- 
set H 3 and multiply their sum 196 by half 540 (he length 
of the line AH, and the Product 53930 Square Links 
will be the Area of the Trapezoid AH31 : Again, add 
140 the O^et H3 to 36 the Offset I3 and multiply their 
Sum 176 by half 386 the length of the Line Hi, and the 
prodnct 35168 Square Links wilt be the Area of the 
Trapezoid HI 32. Proceed in the same manner to cal- 
, colate the Area of all the Trapezoids, Triangles, izc. 
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CASE X. 

To tunw^ a Fidd by taking QffKU boA ta tke A^ Bit^i 
Ijtft ; that M, w((U» Md wiihomt A* Fitid, at aeeattiM iktU 
Ttqvirt, tn cMite^Mnec of the Slationaiy Lintt erotsing Ac 
bovttdary Linet .- M$o, by Imeraeelimu, Ihai u, taking tkt 
Bearing of an inoccnnfrle Conttrfrom tmo Statitm*. 

'Tbe directions given in the preceding C^se, ti^ther 
wia the following Field Book, will sbiaw (be Leftraer 
bow to iurvey a Field like tbe following, and also to 
protract it when surveyed. 

FIELD BOOK. See Plats IV. ft^. 69. 



totb« 
Left 


Beaiiag and Diriance. 


Obku 

totbc 




Ch-L. 
1.13 

3.40 


Ch-L. 

\B-N. SBoCW. »1« 

Kt 4.2S 

7.40 

13. 


Ch,I, 


A Tower bear* ftran 
A. N. 4&>. W. 


0.46 


BC. N. 27? 45' W. S1.13 
at 4.1Q 
1«.25 
15. 


1.OT 
1.15 


From B Um Tower 
bears !I,38»3(PE. 




C 1. S 82» 15' E. 6.45 
1, S. N. 70 E. 13.25 
Z D. N. 20 0. E. 3.36 




From C go into the 
Field ti> 1, OD accouat of 

At D, jbu get into ano. 
ther Comer of the Field 




DF. S. 36« 0' E. 15.151 


E an inaceenible Comei 
bean from D.S.65»30'E 


3.20 
2,32 


FA. S. ISO IS' £. 15.10| 
at 1.30 

IAS 
12.25 


0.36 


EtheinacceMibleCwner 

bearsfTOnF 

H.4.W. 



JVol*. To draw a Tree, Hotite, Tower, or any other remaAnUe 

object, in its proper jriace, in the Plot of a Field — From aaj two 
Statioiu, while eurvejiD); the Field, tahe the Bearing of the object ; 
and the intersei^oa of tbe Lines, whach repretcDt the Bearingi, 
will determine the place of the object ; ia tbe aame moaei Uiat 
*he Tower it dratra in the Figure. 
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To^nd the Art» of the above Field, 
■Find the Area within (he stationary Lines, and then 
of 'the several fliBafl Trapezoids, &c. retnembering to 
distinguish those without the statioiiary Lines from those 
which ATb within. Subtract (he Area of thot« within the 
stationary Lines from the Area of those without, and add 
(be Remainder to the Area contained within the station* 
wy.LA/iet ; the sunt will be the whole Area of the Field. 



SECTION in. 

Rectangular SonvETiTfo, or on acatrate method of 
aalculalin^ the Area of a Field Arithmetically, from the 
Field Bouk, voilhoul the neeestUy of protracting it, and 
meaauring with a Scale and Dividert^ at it commonltf 
practised. 

I, Surrey the Field, in the usual method with an ac- 
carate Compass and Chaib ; and from the Field Buok 
set down, in a Traverse Table, the Course or Bearing of 
the several Sides, and their length in Chains and Links, 
or Rods and Df^cimai parts of a Rod ; as in thi 3d and 
^d Coiamns of the following Example. 
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3. CalcDlate by Right Anolbd TiiiooiroiisTRr, Case 
[. or fibd by the Table of Di&rence of Latttude and 
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Departare,* or hj the Table of Natural Sine8,t flie 
NortfaiBg or Southing, Easting or Westing made od 
each Course, and set them down against their seTeral 
Courses, in their proper Colamns, tnaAed N. $. E. W. 

JfoU. To determiiH iriietber the Latitude and departure for onjr pw 
^ulat Courie and Diitance are accurately calculated, iquare each 
of (hem : and if thejr are right, the Sum ofUrsir Squarei will equal thr 
Square or (ha diituice, for tite foUowing rouon : The I^titttde and 
Departure repreieat the two Legs of a Right Angled Triangle, and 
the DUtancethe HTpothenuie; and it ii aMatbematicaitrutti,that 
the Square of the Ujpothenuse of aoj Right Angled Triangle is 
equal to the SunoTtheSqaarea oftbetwoLegi. 

3. If the Survey has been accurately taken, the Sam 
«f the Northings will equal the Southings ; and the East- 
inga will equal the Westings. U upon adilibg up the> 
respective Columns, these are f«and to difier very coo- 
siderably, the Field should be again surveyed ; as some 
error must have been committed either in taking the 
Courses or measuring the Sides, If the diflerence is 
small, a judicious, experienced Svrveyor will judge from 
the nature of the ground or shape oftheFielo surveyed, 
where the mistake was most probably made^and wiU 
correct accordingly. Or, the Northings and SouttiiogSi 
and (he Eastings and Westings may be equalled by bal- 
ancing them as follows ; Subtract one half the difference 
from that Colomn which (s the largest, and add (be oth- 
er half to that Column which is the smallest ; and let 
the difference to-be added or subtracted be divided 
among the several Courses according to their length. 

In Example I. the upper numbers are the ooithings* 
&c. ai found by a Table of Difference of Latitude and 
Departure. The several Columns being added, the 
Northings are found to exceed the Southings 47 Linka; . 
and the Westings to exceed tbe Eastings 34 Links. . 
They may be balanced by taking 34 Links from-thb; 
Northings, and adding 33 Links to tbe Southings- ;- 
and taking 12 Links from the Westings and adding 
13 Links to the Eastings. Take from the first 
Course of tbe Nortbings 13 Ljnks, from tbe second 7, 
and from the third 5 ; to the first Southing add 7 
Links, to the second 10, and to ttie third 6 : add to. 
the first Eastings Links, to the second 3,.to tbe third 

• For in eiplutluk st Uiii Tmblc. udAs unHioriui^ il,ies tha rtamlk^. 
tnudint lfa( TiblE. 

tSMtfedteaarkifiModiBt AiTiblaotJT&tiird Simu 
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4, sod to the fourth 3 ; take from the first Westing 5^ 
Linke, from the second 4, and from the third 3. The 
lower numbers will then represent the Northings, Sic, at 
balanced. 

.4. These Columns being balanced, proceed to form a 
Dfioarture Columo, or a Column of Meridiap Distances ; 
which shows how far the end of each Side of the Field is 
Eiint or West of the Station where the calculation begins. 
This Column is formed by a coiitinual addition of the 
EaslingB and subtraction of the Westings ; or by adding 
the Westings and sublracling the Eaetingsi Stt EsAif. 

FLE I. 

The first Easling 20.74 is set for the fir^t number id 
the Departure Column ; fo this add 34.38 the second 
Easting, and it makt^s 45.12 for the second numbEr ; 
to this add 30.04 the third Easting and it makes 75.16 
for the third number ; to this add 9.56 the fourth East- 
ing, and it makes 84.73 for the fourth number ; the lifth 
Course being South, it is evident the Meridian Dis- 
tance will remain the same, therefore place against it 
the same Easting as for the preceding Course ; from 
fliis subtract 39.9d the first Westing, and it leaves 
44.77 for the sixth Course ; from this subtract 33.75 
the second Westing, and ilJeaves 31.02 for the seventh 
Course ; from this subtract 21.03 the last Westing, and 
it leaves 0.0 to be set against the last course, which 
shows that the additions and subtractions have been ac- 
curately made. For as (he Eastings and Westings equal 
each other, it is evident that one being added and the 
other subtracted, there will in the end he no remainder. 

5. The next step in the process is to form a second 
departure Column, the numbers in which show the Sum 
of the Meridian Distances at the end of the first and 
second, second and third, third and fourth Courses, &c. 

The first number in this Column will be the first in the 
other pe'parture Column ; to which add the second num- 
ber in that Column for the second in this ; for the third 
add the second and third ; and for the fourth the third 
and fourth; and so on till the Column be completed. 

See KXAHFLE I. 

The first number to be placed in (he second Depart- 
ure Colunin is 20.74; to this add 45.13 and it makes 
65.86 for the second number ; to 45.13 add 75,lfiaud it 
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malceB 120.28 for the third DDmber; to 75.16 add 84.72 
sod it makpB 159.8S for the fonrth number j to S4.7S 
add 84.72 and it makes 169.44 Tor the &(tU number ; to 
84.72 sdd 44.77 and it makes ) 29.49 for the sixth number ; 
to 44.77 add 31.02 and it makes 65.79 for the seventh 
Bumber ; to 21.02 add 9.0 and it makes 21.02 for the 
eighth number. 

6. When the work is thus far prepared, multip); the 
several numbers in the second Departure Column, b; 
the Northings or Southings standing against them respec- 
tively ; place the Products of those maltiphed by the 
Northings in the Column of North Areas, and of those 
ntultiplied by the Southings in the Column of South 
^Areaa : add up these two Columns and Kublract the less 
from the greater; the Remainder will be double the 
Area of the Field, in Square Rods or Square Chains and 
Links, whichever measure was used in the Surveji, 

DftnoMlralion of the preceding Ritlet. See pLATt III. 
Fiff, 63. and Example 1. 

The dotted Line A S represents the Northing, and the 
Line 2 B the Easting made by the first Course : These 
maltiplffid together, that is, 77.15x20.74=1600.0910, 
which is double the Area of the Triangle A 2 B, as is 
evident from the Rule to find the Area of a Triangle, 
Phob. IX. Rule 1. This number is to he placed for the 
first number in the Column of North Areas. The Line 
3 C represents the Sum of the E^ling^t made by the first 
and spcond Courses, which is 45.12 the second number in 
the first Departure Cohimn ; if to IhiB you add 20.74 the 
leoEth of the Line 2 B jou have 65.86, which is the sec* 
ond number in the second Departure Column, and which 
represents the Sum ofthe two Lines 3 C and 2 B. These 
two Lines with the Line 2, 3 which represents the North- 
ing made by the second course, and the Line BC, one 
of the Sides ofthe Field, form a Right Angled Trapezoid. 
Now. by the Rule to find the Area of such a Trapezoid, 
See Pbob.X. 65. 86x31. 66=2085. 1276, double the Area 
ofthe Trapezoid 2 BC 3. Place th'ta Product for the 
second number in the Columu of North Areas. 

To the Line 3 C add CD 30.04 the Easting made by 
the third Course, and you have 75.16 which is the Sum 
ofthe Eastings made by the three first Courses, and the 
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third number in the firtt Departure Columo. To Aii 
add 9.56 the EsBtiDg of the fourth Coarse, mi jau have 
84.72 the length of the Line 1 £, which repreEeDls the . 
Sum of the Eaetings made by the four first Courses, aod 
is the fourth Cumber in the first Departure Column. 
These two, viz. the Liues 3 D 75.16 and 1 E 84.73 ad- 
ded tc^elher make 159.88 the fourth number in the 
second Departure Column ; which'b«ing multiplied by 
49.15 the length of ihe Line 3, 1 which represeotB the 
Stouthing made by the fourth Course, will give double 
the Area of the Trapezoid 1 ED 3. The cumber thus 
produced is 7858.1030, which le to be ptaoed for the 
first namberin the Column of South Areas. > 

The fif^b Coarse being due South, it is evident the 
Sum of the Eastings will remain the same as at the end 
of the fourth Course ; That is, the Line 4 F equals the 
Line 1 E, which is 84.73. These added make 169.44 
the fil^ numberin the'secood Departure Column. Tfais 
being iniiltiplied by 54.10 the length of the Line EF, 
which is the Southing of the fifth Course as corrected in 
balancing, and the same as (be Line 1, 4 — will give dou- 
ble the Area of the Parallelogram 1 EF 4, which is 9166 
.7 040 the second number in the Column of South Areas, 

From the Line AF 84.72 subtract 39.95 which is a 
West Coarse, and it teaveB 4G 44.77 the Sum of the 
Eastings, or the Meridian DistaDce, at the end of the 
sixth Course, and thesixthnumber in the first Departure 
Column. From this subtract 23.75 the Westing made 
by the seventh Course, and you have 21,02 the length of 
the Line 5H, which is (he Meridian Distance at the 
end of the seventh Course, and the seventh number in 
the first Departure Column. The Line 4G 44.77 added 
to (be Line 5H 21 .03 make 65.79 the seventh number in 
the second. Departure Column. This being multiplied 
by 33.21 the length of the line 4, 5 — which is the South- 
ing of the seventh Course, will give double (he Area of 
the Trapezoid 4GH5, which is 21 19.0959 the third num- 
ber in the Colomn of South Areas. 

The Line H5, 31.03 is the Westing of Qie last Course, 
and the last number in the second Departure Column. 
This being multiplied by 26.65 (he length of the Line 
5 A, and tbe Northing of the last Course, ptoduces 560 
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.1830,.«hicbi8 doable the Area of the Triaagle A5H, 
suid (be last number is tha Cotumo of North Areaa* ' 

JVa(«. it will be obaerred ttiat agaimt the third and tixQi Coanet 

-there are no Areas ; tile reaaon ia that theae Coiinei being one 

- East ud the otter Weit, then ia no Norttdu or Soutidi^ to U 

multii^ed uto tbem ; refard can Uierelbre be had to Ibni oaly in 

Jbrming the Departure Golnmiu. 

By iagpecting the Figvrt, and' atteoding to the pre- 
ceding illQBtratiODi, it will be seen tbat (be three North 
Areas represent double the Area of the Triangle A3B, 
the Trapezoid SBCS, and the Triangle A5H, all offrhrcb 
are without the boundary Lines of the Field : Also, that 
the three Sotilh Areas represent double the Area of the 
Trapezoid sDEl, the Paralleiogrant IEF4, and the Tra- 
pezoid 4GH5 ; and that these include not only the Field 
but also what was included in the North Areas There- 
fore the North AKas subtracted from the South, the Re-: 
. msinder will be double the Area of the Field, contained 
within the black Lines. 



Additimal Directions and Explanations. 

The Northings and Southings may be added and snb- 
■ tracted instead of tha Eastings and Westings ; then 
there will be two Latitude ColumnE instead of Departure 
C<^uinns ; and the numbers in ttie second Latitude Col- 
umn must be mnltiptied into the Eastings- and Westings, 
and you will have East and West Areas. 

When the Course is directly North or South, the 
dstance must l>e set in the North or South Column ; 
When East or West, in the East or West Column. There 
will therefore sometimes be no number to be addsd to 
or subtracted from the number last set in the Latitude or 
Departure Column } th^n the number last placed, in (be 
Column must be brought down and set against such 
Course ; as in Example 1. at the 5lh Course. It may 
also sometimeB be the Case that there will be no number 
to multiply into the number in (he , second Latitude 
or Departure Column ; then that number must be omit- 
ted, and against such Course there will be oo Area as in ~ 
ExAHFLE l.-at the 3d and Cth Courses. 
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WheD the HorthJDga or Southings, EattingB or WertT 
ingB, beginning at the top, will not admit of a continual 
addition ofthe one and subtractioo of the other, wiihoaf 
running out before you get through the sereral Coursea, 
you may hegin at such a Course as will admit of a cod- 
tinital addition and subtraction ; and when yon get to 
the bottom go the top, and you wiH end in Cypher at the 
Course aext above that where you began ; as in EsAttPi,E 
II. which begins at the 9th Course to add the Eastings 
and subtract the Weetings. 

Example II. 
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Area 110 Acre*, 3 Roocb, 33 Rod*. 

■ffote. la tbe above Example you migbt befpn af the 4th Course to 
add tbe Westingi and subtract tbe Etufings ; or at the 6t}i CoarM 
to add the Northing* aud gubtract the Southingi : or at tb« llth 
Course to add the Southings and subtract the Northiogs. So in 
everj Survej some place way be found where jou maj begin to 
add and nbtract, without numiDg ont before you get throDgfa all 
IfaeCoanes. 

When a Field i» very irregularly shaped, it will often 
happen that parte of the game Arr-a will be contained io 
several different Products in the Columns of Areas ; but 
in the final result, one column being subtracted from the 
other wilt leave what is included within the boundary 
Lines of the Field. 



Denoeistration. Su Plate IH. Fig. €4. and E%- 

AKPLE II. 

The Are« itindiDg against the 9th Course, which ifl 
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wlierelfae caI(»hktioD begins, ' is tbe Triuigle I3K, all 
Witboat the Field. 

The Area againit the lOtb Course is the Trapesoid 
«ELS, also wittwut tbe Field. 

The Area- agaiaat tbe IHh Course li tiie Trapezoid 
4ML3. This is a South Area, and contaitu a part of the 
Reld and also part of tbe preceding North Area. 

The Area agaiast.the 13th Course is' tbe Trapezoid 
6NM4, part within and part without the Field. 

The Area agaiost'the ISIh Couree is the Trapezoid 
6AN5, part withiv and part without tbe Field. 

Tbe Area against the Ist Course is the Trapezoid 
6AB7, part nithin and part without tbe Field. This is a 
North Area and ^ be ultimateij subtracted from the 
South Areas ; btft this include* a part of tbe precediifg 
South Area, Tiz. the space nAso ; it will however be 
•een herealler tb^ this same space is included in anoth- 
er South Area. This North Area contains also a part of 
Hie first North Area, riz. the space Sno7 ; but tbe same 
^ee is also included in another SOuth Area. 

The Area agaioBt tbe 3d Courses is also a NorUi Areai 
aqd is the Trapezoid'7BC8. This Trapezoid contaiui 
tbe space sBCx, without the Field ; the space osxw, with- 
in tbe Field ; and the space 7ow6, without the Field. 
Bat tbe apace osxw will be contained in tbe next South 
Area ; and tbe space 7ow3, which was contained in the 
two fint Nortii Areas, will be contained in Ui« next South 
Area. 

By examining tbe whole Figure in this manner, it will 
be seen fliat the North Areas contain all without tbe 
Field diat is taken into tbe Calculation, and some of it 
twiceorer; tbe^ also contain part of the Area within tbe 
Field, llie South Areas contain al| within tbe Field, 
U)d all without the Field that is contained in the North 
Areas. Tbey also contain, twice orer, so mnch of the 
Field as is indnded in any of the North Areas ; and like- 
wise, twice oTer, that part without tbe Field which is 
contained twice in tbe North Areas. So that subtract* 
ing tbe North from tbe South Areas leaves double Uie 
Area of the Field. 

This method of calculating the Area of a Field by tbe . 
Morlfaii^, SouttuDgs, Eastii^s and Westings, dindet the 
10 
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Field, with accttHaqiUDtitf eftheadtiMniDggroQDd, in- i 
to Risbt Angled Triaaglea, Right Aogled TnpezoidBt 
PanUelogFama, or Sqiurea^ m may be seen by the . 
F^una. It may therefore with propriety be called i 
RECTANOUtAR SuMVBiriiie. 

A UsaroL Pr«blbii. 

To find tAe true Ana of a Field mhich hai been nwsur- 
tdbv a Chain too long or too thort. 

Calcalats tiie Area as if the Chain was ofa true lengtb, 
tibeo institata the followiag Proportion : 

As tbeSqaare of theleogttioftfae true Chaii); 

Is to the Area, as foand by Uie Chain made use of ; 

So ia the Square of the length of that Chain ; 

To the tiQO Area of the Field. • 

EXANPLE. 

Soppose a Field, meAOfed by a Two Rod.Chaio.4 
Inebes too long, is found to contain 4t Acres 1 Rood 
and 33 Rods, what is the tnie Area ? 

As the Square of 33 Feet, the true length ofa Two 
Rod Chain ; la to 41 Acres 1 Rood and 33 Rods ; So is 
the Square of 33 Feet 3 Inches, the length of the Chain ■ 
nied in the Sarrey ; To 43 Acres and 13 Rods. 33 
Feet=s396 Inches. 396x396=^15S81& Square Itfchee. 

41 Acres 1 Rood 33 RodB=e633 Rods. 

33 Feet 3 IlicheB==:39S Inches. 399x399=159201 
square inches. 

1S930IX6633^156316»6733 Rods. 

6733^160=43 Acres 1 3 Rods, the true Area. 

PART II. 
- - Latino out Land. 

PROBLEM L To Lay out oi^ num&er o/Aent in 
the form ofa Sqtiare, 

Annex 5 Cyphers tO' the number of Acres, which will 
turn them into Square Links, the Square Root of which 
will be the Side of the Square in Links. 

ExAHPbs. It is required to lay out 810 Acres in the 
form ofa Square. 

Anamtr, Each Side of die Square must be 9000 Liidrs, 
«r 90 Chains, > 

PROBLEM II. To IsyoHlattjf number of Acream the 
form ofa Parallelogram, whereof one Side ia given. 

Dinde the number of Acres, when turned into Square 
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^ibki,b7 the given Side; the Quotient wUl be Oe Side 

reqeired< - 

ExiMKA* Wbftt must be the longest eide of a Paral- 

lelogram, trhicb ia to cootain 26 Acres^ when tbe ebort'- 

eat Bide is 5 Chains and 50 Links 7 
Amwer. 2 5000004^ 50 si4d45 LJnks for the longest 

Side. __ 

PROBLEM III. To lay oat any mmber cfAcret in a 
Field, 3, 4, 5,- 6,-^c. timtt at Umg at U it bfoad. 

DiTidethe Acres, when turned into Sqaare Links, by 
the' proportioa between the length and breadtfi ; the 
Square Root of the Quotient will be tbe shortest Side. 

ExAKKB. ftia required to lay ont 100 Acres 5 times 
■ilongas itisbrbad. 

Answer. 10000000-^=2000000 the Square Root of 
which is T414 Links fer the shortest Side, and the longest 
will be 7070 Links. 

PROBLEM IV. Tit maktaTtiangUvikieK ihall em- 
tain a givtn number of Acrtt, btmg confined to a certain 
Base. 

Double the given nnmber of Acres, to which annex 6 . 
Gyphera, and divide by the Base ; the Quotient will be 
the Perpendicnlar in Links. 

Ekahple. Upon a Base of 40Chaiiw to lay ont 100 
Acres in a Triangular form. 

Answer. 5000 Links or 50 Chains will be tbe length, 
of the Perpendicaliu-. 

The Perpeodicolar may be erected from any part of 
the Base : Thus, the Triangle ABC. See Plate II. F^. 
55. is the same as ABE, each containing 100 Acres. 

When the given Base is so situated that a Perpendicu- 
lar of safficient length ctuinotbe erected tfaerefrom, cod- 
tinae the Base as from B to D. Fig. 56. from which e- 
rect the Perpendicular DC, and complete (he Triangle 
ABC, which will contain lOOAsres. 

PART MI. 
Dividing Lamb. 
As different Fields are so variously, and many of them 
irregularly shaped, Mid as tiiey are required to be dirided 
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in miay J W f ci e a *'pro|MrtiMi, it i* difficalt to give RiriM 
which. «iU tppiy to particular cmses. The busiiitie oS 
dividing band must tbereCne beitft, in a greatmesSQFe, 
to (he unllxnd judgntftit^ thrSHrrcyor; who^ifhei* 
well acqusiptjed with Trisoaonfetryv »iid wttfaineasarit^ 
I^and, will nat find it. difficult after n littie prectiw, to 
divide e Field in lucb. a manner at Bhall be dedred. II 
he hai before him a plot of the Field, and koowMbe nam- - 
bcF of partB into which it is to be divided, and the pro- 
portioo which each part n:to bear^ the others, he wilt 
readHf find out. woece the dividing Lines are to be 
, drajira. . 

A few Rules and Examfi,i:b willbe given for the gen- 
era' imtrucHon oflbeLe^ToeE. , 

PROBLEM 1. To cut off any narnbtrff Aorta froiA 
a Square or Parallelogram. 

Say, ae the whole micnber of AcreB in the Field ; h to 
the length of the Square orfengthor breadth ofthe Par-: 
aUel<wram ; So ia the cunnwr of Acres proposed to be 
cutoff) To their proportion of the leoglbor breadth. 

PROBLEM 11. Tocutoffmyf»»i^tr<fAeretiy a 
fiinepTQcetdingfromarij/ Angle of, a Triangfe. . 

JUeasure the Bate, or Side opposite the Aegle from 
which thedividiBgLine ii to be drawn ; Then say, A*^ 
the number of Acres in the. whole Triangle ; la to liiv 
whole Base ; So is the given DWnber of Acres ; To theiE 
part ofthe Base. 

ESAMFLB, SMPtATtll. J'ig. 67. 

In the Triangle ABC, which contains 4S Acrei^ It is 
required to cutoff IS Acres, by a Line proceeding frem 
C totheBase AB, which i« 40 Chains. 
As4S :v40:: Ift:I& ^ 

Lay 45 CbaiGs on the Base from B lo D,. and draw the 
Line CD. Tbe Triangle will then be divided as-wa*. 
proposed ; BCD containing I'S Acres. 

PROBLEM in. To take off any given nwiAer of 
Aerttfrom a mtiitangvlar Field. 

EXAKPLE L£<ePLATBlU. J'/;,C£. ' 

Let ABCD, &c. be tbe Plot of a Field containing .1 1 
Acres, from which it isrequired to cut off i Acres. 

Join two opposite Comer6 of the Field as D and G, 
with the Line DG (which yon may jedge to be near the 
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liartRiM line) uid Gad the Am of tb» part DEFG, 
Whieb BOppMfe mar mot l46Roda of the quaatitypro' 
poaed- to be cut off. Heaaare tbe Line ~DG, wbicb inp- 
poMto beTORodi; iivH* 140 by 3S the half of DO, 
liDil tbe Qubtient 4 will be ttte Icngtb of a Perpendicular 
vhoae Bate ia 70 and tbe Area 140. Lay off 4 Rods 
^m G to I, and draw tbe .Line DI, wbicb will be tbe 
djnniding Line. - 

Ekahplc II. Set Platb HI. Fii. 60. 
■ Let ABCD, &c. be a Tract of Land to be dirided into 
two eqaal parta, by a Line from I to tbe oppotiteStde 
CO : 'To find ArilnmeticaUy on what part of -the Line 
CD tbe dividing Line IN will fall ; or to find the Diatanee 
CN. • 

riELD BOOK^ 

Rod). Jtodi. 

■ — GF.WMt 749 

GH. N. SB W. 47 

HI. North, »4.S 

U. H. ex 15 W. 59 

Acre! Rood Rod! 

■ WheUAnalSZ—l~9S 

Find tita Area of the part lABCl, according to Sac. 
TiON HI. Page 57, as foltowa ; Set Ihe Latitude and De- 
parture of tbe three first Sides IA, AB and BC in their 
proper CoiumnsT in a Traverae Table ; and place as 
Biach Soothing, viz. t09.I eqoal to tbe Line CK, and as 
moeh Westing, viz. 71,7 eqaal to the Line KI, as will 
balance the Columns. This Soothing and Westing will 
be the Lath'ade and Departure made by the Line CI. 
The Area of lABCI will be found to be 8733 Rods, which 
is less than half tbe Area of the whole Field by 3470 
Rods, the quantity to be contained in the Triangle ICN. 

Find the Bearing and Distance of CI by Riqht Ak- 

«LZD TaiBOKOMETRT, CaSZ IV. M foIloWS : 

Ai CK th« bouthiog of CI, «W - - - SMSm 

:Radiu« • ULOOOOO 

::XI,UieWeitiiiKofCI, 71.7 - - . 1.8£562 



: .TaBgeBt CoarM S. 39> 30> W. 



AB. N. 19» <y B. 108 

BC. S. 77 E. 91 

CD. S. X7 O E. 116 

DE. S. fi3 W. 68 

EF. 8. 16 30 E. 10 
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lJ-85552 
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Id flijl war th 
Angle trf a Field to anotliei . 
Having foand the Line CI divide 3470, (be nomber of 
R»dB to be contained in the Triangle ICN, by one half 
the line CI, viz. 65, the Qnptient will be the length of 
tfae Perpendicular PN, viz. 53.4. 

Now, by (he Bearings of CI and CD it appears that 
they fonn an Angle of 60° 30' ; wherefore in the Trian- 
ric CPN are given the side PN 53.4 and the Angle at 
C 60« 30', to and the Hypothenuae CN. • 

ABSinePCNecaO' 9.93898 

: Side PN 53,4 • 1.73754 

::EUdius •- - 10.00000 



11.72754 
9.93898 



: Hyp. CN 61.6 1.78856 

.Thus the dividing Line must go from I to a Point ob 
the Line CD, which is 61.5 Hods from C. The Bearing 
and Distance of this Line may befouad by the directions 
given above for finding the Bearing and Distance of the 
Liqe CI. Or, they may be found by Oblique Trigooom- 
etry Case III, 

Atwther method of finding the Distance CJi. 
Having ascertained the Latitude and Departure of the 
Line CI, set them down in a Traverse Table ; End the 
Latitude and Departure of the Line CD, and place them 
in tfae Table ; the Difference b^ween the Northing of 
the Line IC and the Southing of the Line CD will be the 
Southing of the Line DI. viz. 6.6 ; and the Sam of (he 
Eastings of (hose Lines, as (hey are both Easterly will 
be the Westing of the Line Dl^ viz. 133.9. Proceed to. 
calculate the Area of (he Triangle ICD, wbicb will be 
found to be 653-3 Rods, nearest, 

. Jfole. A> JD thia Triangle two Sides and their contaioed Angle are giv- 
en, the Area maf be found bj Frob. IX. RitU 4v Page 3St 
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SURVKTINO. 11 

■ ■ {ibviDg found the Area of this Tiun^e, proceed to 
fiDd CN accordiog to Fbob. II. Page 68, as foUow* : 

As tbe Area of tbe Trian^e ; li to CD the Base ; So 
is the qwotity to tue CGotaiaed in tbe Triangle IC^ ; To 
CN itB proportion of the Base. 

Aa6533:115::3470:6I.S 

A third method i>f finding the Dittatue C2f, 
To tbe Logaritbm of doable the Area to be cootained 
within the Triaogle ICN add Radius ; from ^is Sara 
subtract the Logsrithoiic Sine of tbe angle at C ; and 
from the Remainder subtract tbe Logarithm of tbe Side 
IC } tbe last Remainder will be the Ijogaritbm of the 
Side CN. 

The double Area of the Tnaogle ICN is 6940 ; the 
Angle at C is 60° 30' ; the Side IC is 130. 

Double Area 6940 * 3.841 36 . 

Radius - ■ - - 10.00000 



Sine ICN 60- 20'' 


13.84136 
9.93698 


Side IC 130 


3.90338 
2.11394 


Side CN 61..S 


1.78844- 



JVbft. Radius ma; be added bj placiag a UnitbefOTe Aelndexof tin 
Logai-ithin Tor tile double Area, witbout tlte ttoable of lettiDg dowa 
tbe Cyphers. 

By Natural Sines. 
Divide the Double Area by tbe ' Natural Sine of the 
^ren Angle, and that quotient by the given Side ; the 
fast Quotient will be the Side CN. 

Nat. Sine of the Angle at C 60° 30' 0.e6S92 
6940—0. 86892=7986. 92 
7986.92—130=61.43 

From the above the following general Rule may be 
drawn. 

To find the Side of a Triangle when the Area it given, 
vilh one of the Sides and the Angle containtd between the 
given Side and the Side required* 
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« , SURVEYING. 

To the Logarithm of double ttie Area add lUditu ; 
from tbJB Sam mbtract the Logarithmic Sine of the givea 
Angle, and from the Remainder subtract the Logarithea 
of the given Side ; the {aat Remaiiider will be the Loga- 
rithm of the Side required. 

Or, £y Jialursl Siaet : Divtd* the doable Area bj 
ttie Nat. Sine of the given Angle, and that Quotient hj 
the given Side ; the last QootieDt will be the Side te- 
quirad. 

- CONCLUDING REMARKS. 

Other methods of iurveying Fields are tanght by some 
authors on this isbject. The preceding^ however, will 
be found meet useful ia actual practice. Other instm- 
otents besides those muitioned JU' this Book are also 
sometimes used ; soch as the Plain Table, Semicircle, 
Perambulator, Theodolite, &c. But of these instrnmeots 
very little use ia made in New-Engtand ; and they are 
Dot often to be met with. For general practice none 
will be found more useful than a common Chain, and a 
Compass upon Rittenhouse'scoDstmction. A Surveyor 
should also provide himself with an Ofiset Staff*, ten Unks 
in length, and accurately divided into Links. This 
^ould be made of firm hard wood, and will be found very 
convenient in taking Offsets, and also in measuring the 
Chun ; which should be often done, as from a vanety of 
causes a Chain is liable to become inaccurate: 

It will be observed that in this Wodt there are no des- 
criptions of Mathematical and Surveying instnuaents. 
The Compiler omitted such descriptions from a belief 
that nothing which can be written on the subject will en- 
able a person to understand them without an actual in- 
spection of the instruments themAelves, and some instruc- 
tion from those acquainted with them. 

The general principles here taught may be applied to 
tbo Bunreying of Tottosbips, Reads, Rirera, Harbors^ &c. 
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•tfwB TAioMiox «nr rtiK comp&Ab as^d AtntACTiov 09 ^ 



TIi£ Vaciati^ of the Coitus is the namber of Degrees 
that the Magaetic Needle pointa from the true North, either 
East or West. This differs in difierent places, sad in th« 
nine place at differeat times. It is, at prescDt, in CooDecticnt, 
It fen degrees to the Westwttrd. That is, the Needle poiatt 
to the WestTvard of North, and is iiradually approaching the 
trne North. 

The following method of nscertinning the VarihtioD, bj t&« 
North Star, bits heen adopted by mAoy Surreyors, as tbift 
most eligible to be practised oq Land. It was communicated 
Itt the Compiler by Hoses Warren, Jan. Esq. of hywBi an 
uperienced Surveyor, with pennissioQ to publish it. 

Tbe Star ^ oouiMinly called the North St^r, h not directly 
North, but ceTotres round the Pole in a small circle, once in 24 
^oars. It cannot therefore be due North bat tnice in that 
period ; and that is within a ve^ few minutes of the time 
when a Star, called AUolh. in the Constellation of Ursa Mnjor, 
or the Great Bear, is directly over or under it. There is also 
another Star nearly in an opposite direction from tbe Pole, 
called Qamma, in the Constellation of Casfliopeia. Whea 
these three Stars are vertical the North Star is very near the 
Meridian ; and when they are horizontal, it is at it» greatert 
Elongation, that is, at itsgreatest distance East er West of the 
Pole, and on the same side as the Star in Cassiopeia. The 
.Variatios may be calcivlated when the Star is on the Meridian, 
or when at its greatest Elongation ; more accurately, hower- 
er, at the latter period, because its motion being then nearly 
Tet'ica) for some time j^ves the observer a better opportunity 
to complete his observation.* 

•Tbe following JiifureexMbits a view of the relatJTe rituttUon of the»e 
Stan at they appear, wtieo in a horiioutal poiilioa : aiyrttea the Morfli 
Star ii ia iti greateit Etixtent £loD£atioa. 

The Gnat Beu. Oauiopeia. 
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To find the Dongation ofthu Starin anj Latitude, iti De- 
claiatioB miut be knoWa ; that is, its distance North of the 
Eqoebv. Tluibeii^fband, inatitatethefollawiiicProportiva : 

As Co^iee of the L^tade ; Is to Radius ; So ii Co-Sine 
«ftbe DedinatioB ; to Sine of the EIoi^Btion. 

The DeclintfoB of t£e North Stir, January 1, 1810, me 
'88° 17' SS", adiBoreMing at the rate of dwat ]9 secMHlB 
■od one bdf SMMdly. 

The firilowing TaUe ahem the Hoogation, in several 
diffitrent Latitiides, for 5 years saecessiTelv. It is calculated 
for the first of Janoary in each year ; and in QsiDg it, if the 
time, when the Elongation is reqoirad, be past the imdAe ^ 
the year, take it for the beginning of the next year. 

A Table thmnng th£ EhngaliiM af tJte North Star. _ 
«i«i 1820 I 1821 T822~i ^l'823~" 1824 



38" f&'M-p b- T-f 4'39"|2" 4'13"8» 3' 47' 



i 



8 7 238 6 54 



£ 6 26 ^2 5 69 e 5 33 



i eUS 7468720 



2 U 112 10 40 



> J2 9 te 



42 2 13 10 2 12 ^9 



2 12 11 2 n 43 2 11 16 



2 16 22 2 14 61 2 14 22 2 13 54 K 13 



2 1 7 33te 17 4 l2 16 34 '2 16 5 I2 15 37 
The £lODgation for the Latitude of tkie observation bein^ 
calcnlated, or taken from the above Table, proceed to find its 
range, according to the following directions : 

Taken pole 18 or 20 feet in length ; totheend ofit fasten n 
smdl tine ; raise it to an elevation of 45° or 50" ; apd sopport 
it by two crotches of a suitable height to keep it firm in its 
place. At the end ofthe line, near the ground, bsten a wei^U: 
of half a pound ornMre, which should swing in water to pre- 
Tent the air from movingthe line. Southward ofthe linei fix 
.a Oompasssight, or other piece of metal or wood, with a nar- 
row, perpendicolar aperture at a coDvenient height from the 
gronndjsay about 2or2 1-2 feet ; and let it be so fixed that it 
can be moved a small distance East or West at pleasure, l^et 
an assistant hold a light either NE. or NW. of the line, nearly 
as hi^ as the range from the sight to the North Star, in such 
a position that the line may be plainly seen ; then, (the three 
Stars above mentioned being parallel or nearly so with the 
Uoiizoo) more the lig^t-vaoe East or West, until through the 
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qtertOK, the Use i§ seen to cat the Star ; and^ cODtime to 
ohflerre, at ihort interrds, till the Star isieea at ■tagreatMC 
Eloi^tioB. Let a lighted candle be plA:ed id an exact farige 
with the eigfat-raneandliseattfaedtitaBceofSORsda ormore, 
which ihoutd stand parpendtcOkrlT, be made &at,extiDgwHh- 
•d aad l«ft till raornii^ Then the aight-Tane, the line and" 
the candle will be therange of ElongatioD, whicb obierre ac- 
einteljwithaConipaw ; andifthe Eltmg^oB beEaatandAe 
VariatifiB Weit,thefiwineriiu»tbeinbtractedfromthe latter; 
and if they are both W«at thay iwut be add^, and dieir diSer- 
QKe or anm will be the tma Variation. 



OS THS ATTKACnOS Or TBI MUDLi: 

It is well' known that any Iron anbatance has an influence 
upon the magnetic Needle, attracting it one way er the other 
mm the point where it would settle, were there no inch at- 
traction. A Sorv^or should therefore be carefol to aee 
that no Iron is near the Compasa when taking a Bearing. Bnt 
as tiie Eu^ in certain ipota contains, near its suriace, Iroa 
erother minerals which attract the Needle, it will frequent^ 
happen ^t it will point wrong. To ascertain whether tbia 
is the case, the Surreyor, at each station, should take a haak 
view of the one last left ; and if he finds that the Compass 
does not teverse truly, be may be sure, provided the Compass 
be Bccaratdy gradaated and placed himzontally, that he eith- 
er made a misbdie at Ae last station, or that in one or the oth- 
er of the stations, the' Needle was attracted from the tme 
point. Whenhe finds aplace where he suspects there is an at- 
traction he should go a few rods backward or forward, and 
Bee Mether the Needle points difierently. In this way he 
nay prevent mistakes in hia Field notes, by puttiog down a 
wrong course. To take back s^;hts is particularly necessary 
in Tanning long Lines, and laying out new Lands ; where the . 
Needle is the only thing to guide the Surveyor. 

By practice and experience a knowledge will be acquired 
on this subject, and with regard to many other things in Sur- 
veying, which cannot be taught by Books ,- and after all the 
directions which can be written the Practitioner will fre- 
qtteatly find occasion for the eXerciae of his orro judgment. 



ARoUtofindAed^trtnce helvetn Hi* prtitni Variation of Ae 
Compaas, and that at a, time wAcna Tratt vm* formtrty tUT- 
. veyed, in order to tract or run OKf tke ortgt'nol linet^ 
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-On to viy fait at th« prunisu wfatn ny two adjaeeit 
Cornell are koowD ; and if oae can foe leen from th« other, 
ti^« their beariDg ; vhich, compared with that of the same 
line in the former enrrey , ahowg the difieresce. Bat if tme 
eonier cannot be seen £ram the other, mo the line accordii^ 
to the giren bearing, and obcerre the neu-eat diebince hetween 
the line to ron.and the comer ; tlten work by the following 
proportion ; 

Aa the length of the whole line^ 

la to 57.3 Degrees,* 

So IB the aaid Distance, 

To the difference of Vuiation required. 

Example. 

Soppose it be required to run a line which Ante jeara ag« 
bore N. 45' . E. dintancp 30 Chains, and in running this line 
b; the given beariug, tbe corner ie found 20 Links to the left 
. haad ) what ia the proseDl bearing of this iise % . i 

Ch. Deg, L. - j 

As 20 « 67.3 : : 20 ' 

100 SO I 

SOOO 1146.0 

2000)687 1'0(34 Hinotes. i 

Answer 34 Minotes to the left han4 is the allowfuice nqnir- 1 

ed, and the line in question bears Ni 44° 26' E. j 



The Compiler of this work acknowle^es himself under 
T»b)if;ationB to George GillMt, Esq. Surreyor General of the 
State of Connecticut, for the folio wii^ illustrations, remarks, 
a'nd aiisoellnaeo'iB queetione, considering them calculated to 
be us",r;l to the learner, and the practical Surveyor. They 
came to hnod too late to be inserted in their proper places, id 
the bodjf of the work, and are here put t(^ther in the Ap- 
pendix. 

The following metiiod, fiBlled the Pennsylvania meUiod, of 
computing the meridian distances is practised by many Sot' 
Teyora, and is thonght by some preferable to that taught in 
this booh. The result however is the same. 
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Pennstlvahu Method. 



N. 


S. , E. j W. 


Merid-Diit 


77,18 




«;,4! 


20.14 
41.4a 


n.e6 




ius! 


W.S4 






wjmI 


130.28 
150.3S 




49.15 


.^' 


158.88 
169.44 




S4.10 


1 


l«f.44 

1S9.44 






i 


139.49 
89.54 




3iai 


u.« 


65.79 
43ja4 


H-BS 




I i SI4H 1 

i3ix)2 ' oaoo 1 



By this method, only odd colamn U a>ed for the H«rldiaD 
DiBtaoccB. The fint eutisg 20.74 in «et at the bead of the 
coiami and added to itielf, which makes 41,48. To thissatn 
die next easting 24.38 is added, which makes 66.86. To this 
lom the same easting is add^ again, and in like maoaer the 
remtunderof the eastings are added and the wettings ere sob* 
Iracted, twice atiainst each station, and the last sabtractioD endfl 
in 0.00 or cypher. The upper number against each station 
in the colnma of Herid. Dist. is exactly the same as the num' 
ber ia the second departare Colomh in the preceding mc 
thod. 



In ell cases the surveyor, ought to set his compass at least 
twice on each line, even if he has a fair view of the whole' 
length of it. ' 

When there are local attractions, and no two places are 
fennd, on the same line where the compass has the same tra- 
verse, the snryeyor shouH take a medinm and enter in his 
field book, noting sach counee, as he may sliU have occasion 
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to corrset Aem in hi* cdcalatioiH. If in nieh cBses he u at u 

li-.sa what course to enter in hiii 6eld book, and SBEpects that 
ii iiue minates may be added tc or snbtracted from the course 
be enters in his book, let him peefii tp eucli courHei the Bign 
of addition or sabtractioD as the case may be, ivbicfa will often 
nsisl him in balancing bis surveys. 



When m map is to be made of a multangular piece of land, 
whether a calcotation or diTieion is to be made from it, the 
■nrreyor shouM measure ar.rosa the lot in soma central place 
at least once, and in more places if convenient and the case 
may require it. Bj croM measores, the map will be made 
more correct. The soryeyor sboald not be afraid of weariog 
hit chain bv messniing too much. When a survey is to be 
calculated by plotting, it should not be laid on a seale less 
than ten rods to an inch. 

&UUKBB OB BALABCIire A SUftVKT. 

In crery survey which is accurate, the sum of the North- 
ings wHI equal that of the Southings, and the Eastings will 
equal the Westings ; but this is not always an infallible proof 
that the surrey is accurate, for two errors may be committed, 
one exactly to balance the other, which no rule will detect ; 
but such cases do not of^eo occnr. In a finrrey of one hund- 
red acres, whatever may be the number of the angles, the 
diRerence between the two columns of Latitude and those of 
Departure, ought not to exceed a rod for each, but to come 
within these liunts if possible. 

Ifinaoch a surrey either of the differences should exceed 
a rod. where the land is valuable and easily surveyed, it would 
bebetter to take a re-survey, or so far as to detect the error. 

Some authors have given rules for balancing surveys, which 
are indiscriminately aj^lied to every line in the survey, which 
presupposes that a proporliooal error mnsl have been 
coimnitted on each and all, both in courses and distances, 
when in almost every survey, a part of the lines are on land 
so level and so clear from obstmctions of any kind, that if tbe 
surveyor and chaiDmen attend to their business, they will not 
be likely to commit much error on them ; while other liues, 
on other parts of the aune survey, are attended with so mai^ 
difficulties, that when they hare done their best, it wiU 
flcarcely he possible for them to avoid some error, and the 
surveyor who takes the survey, will best judge on what lines 
theerrors were committed, and whether they are in tbe c<mv- 



c=u^ Google 



APPENDIX, T»' 

aes or in the difitances. In all cuea the carrectiODB ahoold b«' 
madS oa the lioea coptaiDing the errora. When the tnitn! 
are id the couraea they sbould be corrected, utd when tkc er- 
rors are in the distaoces, the correction Bbonld t>e in them : 
or the corrections may be in both courses asd distancea as th« 
surveyor may judge proper. 

When a course is northnesterly ancl southeaster If, or 
northeasterly and sou M) westerly, if the correction of it in- 
creases the latitude and diminishes the departure, or if itdi- 
miuidhes the latitude and increasea the departure, so as to 
bring the difference- to a mean balance, it is good erldence 
tbat the conrse contains some error. 



The breadth of a degree of longitude io any parallel of lati- 
tude is to the breadth of a degree upau the equator, as the ' - 
Co-sine of that latitude is to Radina. 

R. ; GO Mileg.:: Co-Sine or tbei.al.; Hie breidUtttf a degKeuiUutLaL 
As Radius, . . 10.00000 

Is to 60 Miles, . . 1. 77815 

So is Co Sine Lat. 60° . 9.69697 



QUESTIONS. 

1. At a certain point I took the elevation of a tower 8° 1&' ■ 
—then measured towards the tewer on an angle of depressioa 
1" 333 feet to a level with the base of the tower, when I taok 
the elevation again 8°. — Required the height of the tower and 
the distance from the second place of observatioD to the base-; 
also how much higher the land was at the place of the first ob- 
serration than at the second. 

An*.—He^ht, . .. . 9S.6foel. 

Dittaiice required, . . 708.6/t«(. 
Diference » the hetghl of land. 40.58 /erf. 

2., Twoperaoos made observations on the altitude of a me- 
teor, both being on die same side of it, and in a vertical ptiiae 
passing throngfa it. The distance of their stations were 200 
rods apart, and at one the angle of elevation was 36" 25', at. 
dte other 32" 50', and at the last the outer limb of the meteor, 
subtended an angle of 2'. — Required the distance fVom the 
tMt place of observation, also theheightand diameter oi' it. 
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M- e- s. 

Annur.'—-The diatance, 5 .. 3 .. 60 ■ 

Height, 3 .. .. 70 

Diameter, 18/eet 2 inckei. 

3. From thatc^afasteeple 165 feet high, the ao^le of depr«»ic« oT 
HieiieBrertbaiikorsriTeriill'lS', thatofflie oppoeite bank U 6° IS*, 
Bequiredthe widthorthe livor. Annt. 41.13 roJs. 

4. What length of cart tire irin it tela to baud a vbeel 5 feet IB dUn- 
eittt . Amu. IS feel 8 1-2 iiuhet. 

■ 5. A gentleman laid oatagarden inacifcle, coataioing one acre, one 
larter, and one rod, irith a gravelled waJkoothe oateriide of itvichifl 
circle which took op twelve rodt of gconnd. What ii the diameter aC' 
UK) circle, and what is the width of the walk ) 

Ama. The diameter IS TMU-^WidOi of 0u nmtk Afiet. 

6. Neptooe laid oat 1000 aquare milea of the tuifaat of the tea in * 
Circle, and (Old to Aeotu all that part of it irtuchliM withoKt accocen- 
trie cirde of one tluid ol the diameter. What it the diameter, and Iraw 
Buch wai Nld I Ama. Hu dianuter 35.68 miia. 

The qwmlHy told 688.92 tqaart mla. 

7. A Farmer laid oat an eBiptical orchard, the loneeit diameter td 
wtiit^ wBi 30 rodi, and the ahorteil was 20 rods, aod lurrounded tb« 
•ame with a watltwo feet thick, irithiBthe B^nre. What i< the qnantitf- 
withia the wall, and bow much is covered bv it tf 

ji. q.. B. 
Anne. Wilkin the tcall « .. 3 .. 93 

CqvereJ by l\e vtaO, 9.3 rtdi. 

8. From b point in an equilateral trianfle, I measured ttie distancM to 
•BCh comer, and found them SOt 39, and XI tods. Reqoiredthe areaaikd 
the length of the lidet. A. Q. R- 

Anne. 7%c area 5 .. 1 .. 33 
- LengiK ef each tvU 45 rodr . 

9. Required the SoMnnou of a parallelogram, containing' ooetwae 
and a hair, bounded hj 84 rodi of fence. AimB, ISig^rodt. 

10. Thearea of a parallelogram-it five acre* <»e quarter and thirbr- 
Sre rods, and tte diagonal is forty -three rods. Required the length of me 
tides. Anw. 35 tjp 3S roA. 

~11. Reqniredfltedimentionsof apBTanelogrBmcontainingtwentf-^iz 
Acres one quarter and twerttf-fbnr rods, when the length exceeds Urn 
breadth bj fifty-two rods. Anne. 44iy90rmb; 

12. Reduired tbedimeittionsof aparallelogrBincoiiteiniDg 950acre^ 
-wheK th; ti^ are in the proporHon of T to 3. 

Atuw. 130.93 ty 305 1-3. 

13. The state of CouoecticTit contains a little upwards of 4838 squara 
-miles, or 3,090,000 acres, including rivers, harboun, creeks, roads, kc. 
if this quantity of laud is laid in a square, what will be the leugtb of each 



ffote. In the Preface, it is obMrved ttiat the Travene Table, in ffaia 
"book is calculated for any distance up to 50. After the PreDice w>4 
printed, it was thfwght belt to extend that Table to 70. The Table oC 
liogarithmsiialBoiwichiBaKBiteBHr«, dian is noticed in ttM f^«bce> 
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MATHEMATICAL TAifLES. 

VIZ: 

I; A T^le of Logari^nu fer Mvmbers. 

II. A Table ef Logarithmic or Artificiai Sines, Tangmtt, 
and Secants. 

III. A TravefH Table, or Table of DifferetKe of Latitude 
and Departure. 

IV. A TabU ofJfatural Si*et. 



I. A TABLE or LOGAHITBUS FOR RDHBERa. 

Logarithnu are Numbers in Arithmetical Progression, cor- 

regpooding to otfaer Nambers in Geometrical Proportioo. 

As, 0. 1. 2. 3. 4. Logarithma. 

I. 10. 100. 1000. 10000. Numbera. 

The Logarithm for any Number leas than 10 is axertaiu 

- Aimber of DecimalB ; for aay Nwaber between 10 and 100, 

itia 1 with Decimals ; Tarany Numberbetween lOOand 1000, 

. it is 3 with Decimali, &c. The whole Number in Logarithms, 

or the Number which stands at the left hand of the DeciuMl 

point, is called the Index ; and is ulways a unit less than the 

plicea of figures in tHe whole Ntunber for which it ii the La^ 

urithm r Thus, 

TfaeLog. of6&43 U 3.81678 

664.3 - 2.81.378 

65.43 - 1.81678 

6.643 - 0.81678 

The Log. of a Decimal Fraction ia the same as that of aa 
Integer, only the Index is negative, and is diatingniahed from 
a positive one, by placing a Point, or a negatire Sign before 
it : Thus, 
The Log. of 0.6643 ia .9.81578 or— 1.816W. 
0.06543 - ,8.81578 or —2.81578, 
Note. — In the following Tab]» th^ Index is not prefixed. 
It mny be easily supplied as it i«i always a unit le^s than the 
Moiber of figures in the correapondiiiK natucal wh<de Damber; 
*1 
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2 LOGARITHMS. 

Tojind the LogariStm <^ any JVumltr. 

If tlie Nnmber is less than 100, ito Log. is foand in the first 
pme of the Table, directly opposite thereto : Thns, the Log. 
or34is I.53I48. 

If the Number consists of three figores, fiod it in the first 
column of the following part of the Table, opposite to whicfa, 
and onder 0, is the Log. : Thns the L<^. of 346 is .S3908 to 
which prefix 2 for the ladex, becauBe there are three places 
offignrea in the whole iNnmber. 

If the ^ven Namber containa foar figures, the first three 
aretobe fi>nnd, as before, in the aide column, and under the 
foorth at the top of the table is the Log. to which the IndeK 3 
is 101)6 prefixed, if the giren Namber is an Integer : Thus 
the Log. of 3467 is .63995 to which prefix 3 for the Index. 

Ifthegiren Number exceeds four figures, find the differ- 
ence between the Log. of the first fiiur figures, and the next 
following Log. Multipl; this -difference by the remaining 
figure or figures in the giren Nnmber ; point off as many 
^ores to the r^t hand as there are in the multiplier ; and 
the remainder, added te.tbe Log. of the first four figures, will 
be the required Log. 

Tojind the /fttmhtr corrttponding to any givtn XjOgarithm. 

Find the next less Log. to that gjven in the column marked 
at the top, and centinne the sight along that horizontal line, 
and the Log. the same as that g^ves, or very near it, will be 
fouad ; then the first three figures of the corresponding 
Number will be found opposite, in the first side column, and 
the foarth Ggnre directly above, at the top of the page. If 
the Index of the giren L<^. is 3, Ihe four figures thus found are 
whole numbers ; if the Index is S, tl;e .first three figures are 
whole numbers, and the fourth is a Decimal, and so on. 

To find the nearest nnmber corresponding to any Log. few 
more than four figures, find the Log. next leas than the given 
one, and take the difference between that and the given one ; 
also take the difference between the next greater and the next 
less Log. than the ^ven one ; divide the former difference hy 
the latter, according to the Rule in Division of Decimals for 
dividing a less number by a greater ; add the Quotient to the 
number answering to the Log. next less than the given one, 
and you wilt have the required Number ; whether a whole, 
or a mixed Number will be determioed by the Index. 

The addition and subtraction of Logarithms answers the 
-same purpose as the multiplication and division of their corres- 
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LQOARlTmiS. 3 

pofidiog Numben i That is, the Log. of an; two Nunbers be- 
ing added, thatr Sum will be the Log. of the Prodact of those 
Nombera ; and the Log. of one Number bebg aabtracted from 
the Log. o£aDOther Number, the Remainder will be the Lt^. 
of the Qaotient of one of thoae Numbera divided by the other. 
Again, the Log. of any Number beang doubled will produce the 
Log. of the Square of that number j and one half the Li^. of 
my N amber is the Log. of the Square Root«f that Namber. 



II. Of ike Table of Logarilhmic or ^rlijicial Sines, Taiigenti, 
and Secants. 

To find (Ae Logaritkme Sine, ^c. for any matter of Degitta 
and Minvtts, teiSiin ike eompaii of the Tahle. 

If the Degrees be less than 46, look for them at the top of the 
Colnmos, and under Sine, Tangent or Secant, whicherer is 
wanted, »id for the Hinutes at the left hand ; but if more Uum 
45, look for the Degrees at the Bottom pver Sine, be. and for 
the Uioutes at the Right hand ; under er over the D^rees 
and against the Minutes will be the required Log. Sine, &c. 

To find Ihe Degreee and Minmttt eorretponding to a given 
Ijogarilhmic Sine, ^c. 

-' Look in (he proper Column for the nearest L<^. to the given 
one ; and the Degrees and Minutes staitdii^ over or under and 
against it, are those required. 

Jiote. When the Log'. Sine, lie. for more than 90° urequir-'^ 
ed, subtract the given number (^'Degrees from 180* and 
make use of the Remainder; 

It will be observed that this Table is calculated only for ev- 
ery & Mmatee. Thie-was thought sufficient for Surveyors, as 
few Compasses will take a coarse to greater exactness. If 
bowever a Question is to be solved where greater accuracy is 
required, work-by natural Sines. Or, 

Tke hog. Sine, ^c-for any Miimte may be found as follows : 

Look in the Table for the Log. of the nearest number of 
jUinntes greater than the given one, and from this subtract the 
next less Log. contained in theTabTe : Then say, as 6 Minutes, 
Is to this difference ; So is the excess of the given Minutes 
above 5, 10, 15, SO, S5, &c ; To a fourth number, whidi adJ 
to the Log. of the Minutes nest less than the given 'number, 
aod the sum will be the Log. required. 
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ExAHPLft 

Rtmired (he Lt^arithmie Sine of 34* 2S' 

Sine of S4" 85' 9.762ai 

34 20 9.76128 



A« S : 93 ; : 3 i 56 

Sineof34»20' 9.75128 

Add - . 66 

StDeQf34o23' 9.76184 

To find the nearest MiaiUet carresponding to a gi-atn Logn- 
rithmic Sine, ^e. 

hook in'the Table, in the pr'^^iei- Caluniii, for the Log. next 
Usfi than the giv^D one, and take the diSereoce between that 
and tb» given one ; also take the differeocfl between the Bext 
greater and the next lees Log. than the given one ; Thea say, 
A« the tatter difference ; U to 6 Miiiiite« ; So ia the former 
difference ; To the number of HinoteB to be added to the 
Hinutei of the Log. nert less than the giren one. 

ExAHFLEr 

Required the Degrtei and Minutes corresponding to &e lioga- 
rithndc T<Mgent 9.73597. 

Giren Log, 9.73597 Nest greater Log. 9.73627 
Kextless 9.73476 Next less ' - 9.73476 



Difference 121 Difference 151 

As 151 : 6 : ; 121 : 4 
The Dcgroes and Minute? for the Log. next leis than the 
giver, one are 28° 30' to which add 4' and it makes 28» 34'. 

ffoU. As after the most careful attention of the Printers, 
S0D;e figures in the Table may be wr«ng ; and as some 
may be so blurred aa to be illegible, let it be observed, 
that the .Sines and Co-Secants, the Co-Sines and Secants, 
and (be Tangents and Co -Taogenta, standing against each 
otlipr regpectiwelj, being added together, will amount to 
«0.000(M), if the Tables ar« accurate. Thus against 28* 
80' the Sine 9.67533 added to Uie Co-Secant 10.32367 



c^mGoo^lc 



LOGARITHUnS. & 

their Snm ia 20.00000 ; M also is the Sum of the Co-Sine 
9.94458 and the Secant 10.05542, and likewise the sum of 
the Tangent 9.73175 and the Co.Tangent ICSSBSS. An 
error may consequent!; be easily detected, or zaj defaced 
figure be supplied. 



To ealcidale tie /Worthing or Southing, ^.for nny Qmrie and 
Pittance by Logaritkriu. 

This ia done by the first Case of Rioht Anqled Tihoorome- 
TRT, as follows : 

Find the Log. Sine and Co-Sine of the Coarse ; to each of 
these add the Log. of theDiatance ; subtract Radina or 10.00000 
from their Suns, and the Remaioders will be the Log. of the le- 
qoired Latitude and Departure. 

JVote. When the Angle is very small or very lai^, and the 
Diatance abort, the sum of the Log. Sine or Co -Sine and the 
Log. of the Distance may be less than 10.00000 or Radi- 
us, which caanot therefore be subtracted, la such cases 
look for the L05. withoat regard to the Index, and the cor- 
respooding number wiU be a Decimal, the 6rst Figore of 
which will be Tenths if th« Index be 9, and Hundredths if. 
the Index be 8. - 
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ni. A TiuTEBse TABLt, n Table «f DirnREircE «f 
IiATiTUDE AWD Dbparture, calcuIaUd for Degrees and Quar- 
ters of Degrees, and for any Diitanee up to 70 Rods, Chains, 
be. ; by which the Northings and Soathingi, Eastings and 
Westings made in a Surrey may be found. 

Atef. Northingi sod Sonlliii^* an coUecl Difleraice of Latitade, or 
simplj Latitude ; Eaatiiigs and Weitiogs are called Deputnre, 
lUeri^au Distance, or Liwg^itiide. 

Ej^lancUion of the Titbit. 

To find tht Latitada and Departure, or fforihing, *■«. for 
any Courte and Dittance. 

If the Course be less than 4fi<>, look for it at the Top, btit if 
more than 4&o at the Bottom of the Page ; and la«k for the 
Distance in the Right or Left hand Column : against the Dis- 
tance, and directly under or orer the Coarse, stand the Nvrtlt- 
Big, &c. in nhole numbers and Decimals. 

If the Conrse be less than 45°, the Northing or Southing 
will be greater than the Easting or Westing ; but if imre than 
45*, tbe Easting or Wettii^ will be the greatest. 
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Whea the Diitance exceeds TO, divide it b; i, 3, or4, tkit it, 
take ose half, one third, or one fourth of it, »nd maltinly the 
Lmtitade and Departure by the atiniber by which the Dutonce 
wu divided : Or, Uie any tno or more numben, which 
added tt^therwill equal the Diitance, and find the Latitnd« 
and Departnre^for eacn of those nnmbera ; add the Several 
' LatitndeB together and the Bum will be the iriiole Latitude ; 
and 10 for the Departure. And when the Distaace ia in Chaini 
and Linki, or whole Nnmben and Decimali, find the Latitude, 
lie. for the Chaiu or whole Mumben, and then for the Li^ 
or Decimale, remembering to remove the Decimal Point in 
the Tablfe further to the L«n, according to the given Decimal. 

ExiHFLKB. 

1. Remiirtd &e Latittide and Departure for 46 Aodi, on a 
CouruJV. 16«16' W. 

Under 16" 16' andagainet 46 is 43.42 for the Northing and 
n.84 for the Westing. 

2. Remtirtd the LcUitude and Departunfor 120 Bodi, on a 
Gmru & 68* 30' E. 

Take one third of 1 20 which is 40 ; i^nst this number. 
over 68* 30' '» 29.90 for the Latitude and *4.1 1 fi>r the D«- 
ptrture. These multipUed by 3 give 68.70 ftr the Southing 
and 102.33 for the Easting. 

3. Reguired the Latiiudt and Dtparturtfor 37.36 Rodi or 
37 Chairu and 36 Litikt, on a Qmrst JV. 26* 46' E. 

For 37. Lat. 33.04 Dep. 16.65 

0.36 .32 .IS 

37.36 33.36 I6.tl 

Northing 33.36 Easting 16.81 
tfote. Whea the Mimites are noflS, 30cu"lS, flie Northingi, be. 
anutbe cUcalated by Natsral Sines, or bj Tngtnomctiy. 
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■NATURAL SHJES. . ^ -^Ci 

IV. A Table of Natcrai. Sihes, a^eulaUd to five placa r 
mfjigurhifor every Minntt. 

Natdr^l Sines are DecimaU bearing the same proportion 
to Unity or 1 that the Sine of the correspondine numfior of 
Degrees and Minntea beiirs to Radius or Sine of do''. That is, 
1 is asiiumed ag the Nat. Sine of 90°, and the Table catculatad 
accordingly. 

Explanation of Oit Table. * 

To find the J^atural Sine of any number of Degrees and Minutes. 

If the degree!) be lesa than 45, look for tbem nlthe Top qf 
the Colmnna.aodfor the Minute^ at the left hand ; butifpiore 
than 45, look for them at the Bottom, and for the' Mioulepi at 
the Right band ; under or over tbe Degrees and against the 
Minutes will be the Natural Sine required. 

The reverse of this will give the Degrees and Minutes cor- 
responding to any Natural Sine. 

To calculate the J^artking or Southing, ^c.for any Conne.ai%d 
Distance, by JVat. Sines. 

Find the Nat. Sine and Co-Sine oFthe Course, and into each 
of these mtiltipljr the Distance ; the Products nUl be the I^^- 
tade and Departure required. '. . ^ 

, Example. ' ■ ' ! 

' Required the Latitude and Departure for 6 Chains und & 
Links, onttCburMJV.38'>27'B', y . 

Nat. Sine ofSS" 27', 0.62183 Nat Co-Sine 0.78315 
6.22 6.22 
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